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A 

EXECUTIVE SUMMARY 

Introduction 

+. 

-= 
1. 

This report has been prepared by Baker Environmental, Inc. to present the results of the In-Situ Air 
Sparging (IAS) Treatability Study conducted at Operable Unit No. 10, Site 35 Camp Geiger Area 
Fuel Farm during the summer of 1996. This report includes a summary of the IAS treatability study 
activities and results, conclusions and recommendations. It has been submitted to USEPA Region 
IV; the NC DEHNR; Camp Lejeune Environmental Management Department; OHM Corporation; 
and to the Naval Facilities Engineering Command, Atlantic Division for their review. 

Put-nose of the IAS Treatabilitv Study 

The purpose of the treatability study was as follows: to assess the applicability of IAS technology 
in addressing the shallow groundwater contamination at Site 35 by evaluating the effectiveness, 
implementability, and cost of a full-scale treatment system; to obtain sufficient data to afford the 
development of a full-scale system remedial design; and finally to assess the impact of air emissions 
on human health and the environment, and verify that air emissions will not impact the proposed 
highway project. 

Site Location and DescriDtion 

Camp Lejeune is located in Onslow County, North Carolina near the city of Jacksonville. It currently 
covers approximately 234 square miles and is bisected by the New River. Camp Geiger is located 
at the extreme northwest comer of Camp Lejeune and contains a mixture of troop housing, personnel 
support and training facilities. Camp Geiger is roughly bounded by Brinson Creek to the north and 
northeast, the abandoned Seaboard Railroad right of way to the east, Curtis Road to the south, and 
U.S. Route 17 to the west. 

Site 35, Camp Geiger Area Fuel Farm refers a former fuel storage and dispensing facility that was 
located just north of the intersection of Fourth and “G” Streets. The Fuel Farm consisted primarily 
of five, 15,000-gallon abovegrotmd storage tanks, a pump house, a fuel loading/unloading pad, an 
oil water separator, and a distribution island situated just north of the intersection of Fourth and “G” 
Streets. The facility actively served Camp Geiger and the New River Air Station from 1945 to the 
Spring of 1995, when it was demolished to make way for a six-lane divided highway proposed by 
the North Carolina Department of Transportation. 

Site History 

During the lifetime of the facility several releases of product occurred. Reports of a release from an 
underground distribution line near one of the ASTs date back to 1957-58. Apparently, the leak 
occurred as the result of damage to a dispensing pump. On another occasion, a leak in an 
underground line at the station was reportedly responsible for the loss of roughly 30 gallons per day 
of gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and 
replaced. In April 1990, an undetermined amount of fuel was discovered by Camp Geiger personnel 
along two unnamed drainage channels north of the Fuel Farm. Apparently, the source of the fuel, 
believed to be diesel or jet fuel, was an unauthorized discharge from a tanker truck. 

ES-1 



Previous investigations have been conducted by Water and Air Research, Inc. (WAR), Environmental 
Science and Engineering (ESE), NUS Corporation (NUS), Law Engineering (Law), and Baker 
Environmental, Inc. (Baker). 

IAS Treatabilitv Studv 

The IAS treatability study consisted of the following activities: monitoring well and soil gas probe 
installation; pre-study sampling; the treatability study that occurred in two tests (deep and shallow 
air injection); and post-study sampling. The IAS treatability study occurred between July 9, 1996 
and August 29,1996. 

Monitoring Well and Soil Gas Probe Installation 

A total of 12 monitoring wells and two air injection wells were installed at Plume B, while a total of 
eleven monitoring wells and one air injection well were installed at Plume C. Six soil gas probes 
were installed at Plume B to monitor the vadose zone during the performance of the treatability study 
at the site. 

Pre-Study Sampling 

Pre-study sampling was conducted for a duration of 24 hours prior to the start-up of the IAS system. 
The system consisted of monitoring soil gas and groundwater to establish a baseline set of physical 
and chemical data conditions in the vadose zone and surfmial aquifer. 

Treatability Study 

The treatability study was conducted at Plume B in two separate tests. Both test consisted of two 
phases of different air flow rates. The first test consisted of injecting air into the lower portion of the 
surficial aquifer at 7.5 acfm and 20 acfm. The second test consisted of injecting air into the upper 
portion of the aquifer at 5 and 20 acfm. 

An approximate radius of influence of 20 feet was observed during phase I (7.5 a&m) of the deep 
air injection test. Phase II (20 acfm) of the deep injection test yielded an approximate radius of 
influence of 25 feet. A radius of influence was not observed during phase I (5 acfm) of the shallow 
air injection test. Phase II (20 acfm) of the shallow air injection test yielded an approximate radius 
of influence of ten feet. 

Post-Study Sampling 

Post-study sampling was conducted for a duration of 24 hours following the commencement of the 
study. The sampling consisted of monitoring soil gas and groundwater at the site as it returns to 
steady conditions. The sampling also monitored any changes to the baseline physical and chemical 
data conditions in the aquifer and vadose zone that may have occurred as a result of the treatability 
study. 

Site Geolow 

In general the findings of the treatability study are consistent with the findings of the supplemental 
groundwater investigation and the remedial investigation. The upper most soils at Plume B consist 
of peat with lesser amounts of sand, silt, and clay. The upper most soils at Plume C consist of sand 

1 
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with lesser amounts of silt and clay. Immediately below this are calcareous sands with varying 
amounts of shell and fossiliferous limestone fragments. A generally fine sand with lesser amounts 
of clay is present below the calcareous sands and shell/limestone fragments. This layer is generally 
known as the Castle Hay-ne confining unit and is colored a distinctive greenish-gray and has a 
noticeable change in moisture content, becoming dryer. 

Conclusions 

Based on the results of the IAS treatability study it can be concluded that: 

_Ih. - 

--y- 

l IAS via vertical air injection will have limited effectiveness remediating CHCs at 
the base of the surticial aquifer. The semi-confining unit is too impermeable to 
allow air injection below the base of the surtlcial aquifer and underneath the 
contaminants. 

0 Vertical air injection in the area of the Plume C treatability study wells is 
inappropriate due to the presence of a subsurface clay layer. This clay layer will 
inhibit the vertical release of contaminants to the atmosphere and may result in the 
horizontal migration of contaminants off site. 

0 Results of groundwater sampling indicate BTEX contamination is not present in the 
area of the Plume B or Plume C wells. There are three possible reasons for the lack 
of contamination at these locations: 

1) The source of the contamination has been removed during the previous soil 
removal action at the former fuel farm. 

2) The contamination has not migrated to the IAS treatability study location. 

3) The contamination is being naturally attenuated in the approximately lo- 
foot thick peat bog located along the banks of Brinson Creek. 

0 Vertical air injection from the deep air injection wells did have a favorable impact 
at Plume B. A radius of influence of 20 feet was observed at a flow rate of 7.5 a&n. 
The radius of intluence increased to approximately 30 feet when the air flow was 
increased to 20 acfm. 

0 Vertical air injection from the shallow air injection wells did not have a favorable 
impact at Plume B. Due to the lack of shear strength of the peat material, air 
pathways were unable to be developed and sustained from an air injection point just 
below the peat layer. 

l Due to BTEX results, IAS, if implemented in the area between the eastern edge of 
the proposed right-of-way and Brinson Creek, will not impact the BTEX 
contamination. 

_-_ 
F== 
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Recommendations 
Ilc 

0 An IAS system where air is injected horizontally along the top of the semi-confining 
layer is preferable to conventional vertical air injection. Such a system should be 
more effective in remediating the CHC and BTEX contamination at this site. It is 
estimated that the cost of this system should be approximately equal to RAA 3, 
Groundwater Collection and On-Site Treatment, which was identified as the 
preferred contingent alternative in the Final Interim ROD (Baker, 1995). 

a Due to poor site conditions, difficult access, and a lack of BTEX contamination in 
groundwater in the area between the eastern edge of the proposed right-of-way and 
Brinson Creek, an IAS system will likely be more effective if constructed along the 
western edge of the proposed right-of-way as shown on Figure 7- 1. 

0 A field pilot test of a horizontal IAS system should be conducted in the area west of 
the proposed right-of-way to ensure it’s effectiveness prior to full-scale 
implementation. 

II . . . 
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1.0 INTRODUCTION -. 
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This Treatability Study Report has been prepared by Baker Environmental, Inc. (Baker) under the 
United States Department of the Navy (DON), Atlantic Division, Naval Facilities Engineering 
Command (LANTDIV) Comprehensive Long-Term Environmental Action Navy (CLEAN) Program 
for Contract Task Order 0323, Operable Unit (OU) No. 10, Site 35 - Camp Geiger Area Fuel Farm, 
Marine Corps Base (MCB), Camp Lejetme, North Carolina. The treatability study was conducted 
as part of the Remedial Design (RD) for surficial groundwater at Site 35. This document has been 
prepared in accordance with the requirements of the National Oil and Hazardous Substances 
Pollution Contingency Plan (NCP) for remedial actions [40 Code of Federal Regulations (CFR) 
300.430]. The NCP regulations were promulgated under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), commonly referred to as Superfund, and 
amended by the Superfund Amendments and Reauthorization Act (SARA) signed into law on 
October 17, 1986. The USEPA’s document Guide for Conductinp Treatabilitv Studies Under 
CERCLA (USEPA, 1992) has been used as guidance for preparing this document. 

Camp Lejeune was placed on the CERCLA National Priorities List (NPL) on October 4, 1989 (54 
Federal Register 41015, October 4, 1989). The United States Environmental Protection Agency 
(USEPA) Region IV, the North Carolina Department of Environment, Health and Natural Resources 
(NC DEHNR) and the DON then entered into a Federal Facilities Agreement (FFA) for Camp 
Lejeune. The primary purpose of the FFA is to ensure that environmental impacts associated with 
past and present activities at Camp Lejeune are thoroughly investigated and appropriate CERCLA 
response/Resource Conservation and Recovery Act (RCRA) corrective action alternatives are 
developed and implemented as necessary to protect public health and the environment. 

1.1 Purpose and Owanization 

The purpose of this document is to present the results of the treatability study of in-situ air sparging 
(IAS) technology conducted at Site 35. 

Section 1.0 of this document includes this introduction and site background information. Section 2.0 
contains a description of in situ air sparging (IAS) technology and its limitations along with a 
discussion of remedial design/remedial action implementation considerations. The objectives of the 
treatability study are presented in Section 3.0. The monitoring well and soil gas probe installation 
details are provided in Section 4.0 along with a discussion of the site geology and hydrogeology. 
Section 5.0 contains the pilot test procedures and operations. The results from the pilot test are 
described in Section 6.0. Conclusions and recommendations for the pilot test are provided in 
Section 7.0. 

1.2 Site Backwound 

1.2.1 Site Location and Description 

Camp Lejeune is a training base for the U.S. Marine Corps, located in Onslow County, North 
Carolina. The Activity, as the base is referred to, covers approximately 236 square miles and 
includes 14 miles of coastline. Camp Lejeune is bounded to the southeast by the Atlantic Ocean, to 
the northeast by State Route 24, and to the west by U.S. Route 17. The town of Jacksonville, North 
Carolina, is located north of the Activity (see Figure 1- 1). 
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Camp Geiger is located at the extreme northwest comer of Camp Lcjeune. The main entrance to 
Camp Geiger is off U.S. Route 17, approximately 3.5 miles southwest of the city of Jacksonville, 
North Carolina. Site 35, the decommissioned Camp Geiger Arca Fuel Farm, refers primarily to five, 
lS,OOO-gallon aboveground storage tanks (ASTs), a pump house, and a fuel unloading pad formerly 
situated within Camp Geiger just north of the intersection of Fourth and G Streets (see Figure l-2). 

Site 35 is contained within OU No. 10, one of 17 operable units at Camp Lejeune. An “operable 
unit,” as defined by the NCP, is a discrete action that comprises an incremental step toward 
comprehensively addressing site problems. -- 

The Interim Feasibility Study (FS) study area consists of a portion of OU No. 10 measuring 
approximately 18 acres. More specifically, the study area consists of contaminated groundwater in 
the portion of the smficial aquifer that is located roughly between the former fuel fame and Brinson 
Creek (see Figure l-2). 

1.2.2 Site History 

Construction of Camp Geiger was completed in 1945, four years after construction of Camp Lejeune 
was initiated. Originally, the ASTs were used for the storage of No. 6 fuel oil, but were later 
converted for storage of other petroleum products including unleaded gasoline, diesel fuel, and 
kerosene. The date of their conversion is not known. The ASTs at the site are reported to be the 
original tanks. Demolition of the fuel farm ASTs was completed in 1995. 

_ 

-2 

Product was dispensed from the ASTs via trucks and underground piping. Routinely, the ASTs at 
Site 35 supplied fuel to an adjacent dispensing pump. A leak in the underground line from the ASTs 
to the dispensing island was reportedly responsible for the loss of roughly 30 gallons per day of 
gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and 
replaced. 

- 

-7 

The ASTs at Site 35 were used to dispense gasoline, diesel, and kerosene to government vehicles and 
to supply underground storage tanks (USTs) in use at Camp Geiger and the nearby New River 
Marine Corps Air Station until the spring of 1995. The ASTs were supplied by commercial carrier 
trucks which delivered product to fill ports located on the fuel unloading pad at the southern end of 
the facility. Six short-nm (120 feet maximum), underground fuel lines were utilized to distribute 
the product from the unloading pad to the ASTs. 

- 

Reports of a release from an underground distribution line near one of the ASTs date back to 
1957- 58 (ESE, 1990). Apparently, the leak occurred as the result of damage to a dispensing pump. 
At that time, the Camp Lejetme Fire Department estimated that thousands of gallons of fuel were 
released, although records of the incident cannot be located. The fuel reportedly migrated to the east 
and northeast toward Brinson Creek. Interceptor trenches were excavated and the captured fuel was 
ignited and burned. 

- 

- 

Another abandoned underground distribution line extended from the ASTs to the former Mess Hall 
Heating Plant, located adjacent to D Street, between Third and Fourth Streets, The underground line 
dispensed No. 6 fuel oil to a UST which fueled the Mess Hall boiler. The Mess Hall, located across 
“D” Street to the west, is believed to have been demolished along with its Heating Plant in the 1960s. 

b 

- 

In April 1990, an undetermined amount of fuel had been discovered by Camp Geiger personnel along 
the unnamed drainage channels north of the fuel farm. Apparently, the source of the fuel, believed - 
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to be diesel or jet fuel, was an unauthorized discharge from a tanker truck that was never identified. 
The Activity reportedly initiated an cmergcncy clean-up action that included the removal of 
approximately 20 cubic yards of soil. 

Decommissioning of the fuel farm began in the spring of 1995 and was completed in July 1995. The 
ASTs were cleaned, dismantled and removed along with associated concrete foundations, slabs on 
grade, berms, and underground piping. The fuel farm was removed to make way for a six-lane, 
divided highway proposed by the North Carolina Department of Transportation (NC DOT) (see 
Figure l-2). 

In addition to the fuel farm dismantling, soil remediation activities began in August 1995 along the 
highway right-of-way as per an Interim Record of Decision (ROD) executed on September 15, 1994. 
To date, all identified contaminated soil has been excavated and removed from the site. 

1.2.3 Previous Investigations and Findings 

Previous investigations conducted at Site 35 include the Initial Assessment Study of Marine Corps 
Base, Camp Lejeune, North Carolina (WAR, 1983); Final Site Summary Report, MCB Camp 
Lejeune (ESE, 1990); Draft Field Investigation/Focused Feasibility Study, Camp Geiger Fuel Spill 
Site (NUS, 1990); Underground Fuel Investigation and Comprehensive Site Assessment (Law, 
1992); Addendum Report of Underground Fuel Investigation and Comprehensive Site Assessment 
(Law, 1993); Interim Remedial Action Remedial Investigation/Feasibility Study for Soil (Baker, 
1994); Comprehensive Remedial Investigation Report (Baker, 1995a); and Interim Feasibility Study 
for Surflcial Groundwater in the vicinity of the Former Fuel Farm (Baker, 1995b). 

A comprehensive RI was conducted by Baker in 1994 to evaluate the nature and extent of the threat 
to public health and the environment caused by the release of hazardous substances, pollutants, or 
contaminants, and to support a Feasibility Study evaluation of potential remedial alternatives. The 
RI field program was initiated on April 11, 1994. Data gathering activities were derived from a soil 
gas survey and groundwater screening investigation, a soil investigation, a groundwater investigation, 
a surface water and sediment investigation, and an ecological investigation. In April 1996, Baker 
performed a supplemental field investigation to characterize the vertical and horizontal extent of fuel- 
and solvent-related contamination along the proposed IAS curtain boundary. This investigation 
consisted of installation and sampling of a total of 36 temporary monitoring wells. These wells were 
installed at 12 locations and as 3-well clusters designed to monitor the upper, middle, and lower 
regions of the surficial aquifer (see Figure 2-3). 

Several areas of fuel- and solvent-related groundwater contamination were identified in the surficial 
aquifer in the area north of Fourth Street. Organic contaminant concentrations detected in the upper 
and lower portions of the surticial aquifer during the May 1994 sampling round, conducted by Baker, 
are shown in Figures l-3 and l-4, respectively. Additional figures depicting the nature and extent 
of groundwater contamination are provided in the Final RI Report (Baker, 1995a). A water table 
contour map indicating general groundwater flow directions in the surficial aquifer is provided in 
Figure l-5. As shown in Figures l-6 and 1-7, a hydrogeologic cross-section was developed for the 
area paralleling Brinson Creek which shows the various soil types for the area in which the IAS 
system was installed. An additional hydrogeologic cross-section was developed from the temporary 
well boring logs, which is provided in Appendix A. This cross-section indicates that the soil 
lithologies vary significantly between the southern and northern portions of the site. As shown in 
Appendix A, the surficial aquifer in the northern region north of temporary well TW-19 is comprised 
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mainly of medium and line-grained sands, whereas the region to the south of TW-19 contains at least 
one significant silt/clay lens of varying thickness. 

Two additional areas of solvent-related groundwater contamination have been identified adjacent to 
Site 35. The extent and sources of this contamination have not been identified and additional RI 
activities are planned. In addition, significant levels of organic and inorganic contamination were 
identified in sediment samples. 

Following the completion of the RI, a Final Interim Proposed Remedial Action Plan (PRAP) (Baker, 
199%) and Final Interim ROD for smficial groundwater at Site 35 were prepared (Baker, 1995d). 
These documents detailed five potential Remedial Action Alternatives (RAAs) developed in the FS 
for the remediation of organic chemical contaminated smficial groundwater at Site 35. More 
specifically, the following Remedial Action Objectives (RAOs) were developed in the FS for the 
smficial aquifer: 

0 Mitigate the potential for direct exposure to the contaminated groundwater in the 
surficial aquifer. 

l Minimize or prevent the horizontal and vertical migration of contaminated 
groundwater in the surficial aquifer. 

0 Restore the smficial aquifer to the remediation levels established for the 
groundwater contaminants of concern. 

The remediation levels established for the contaminants of concern are provided in Table l-l. These 
levels were based on the NC DEHNR Water Quality Standards for Groundwater (15A NCAC 
2L.0202). 

RAA 5, In Well Aeration with Off-Gas Carbon Adsorption was selected in the Final Interim ROD 
contingent upon the successful execution of preliminary field pilot-scale tests. This RAA is interim 
in nature because it represents only one phase of a comprehensive investigation and remediation at 
Site 35 and is not intended to represent the final solution for OU No. 10. This particular interim 
action focuses on containment and remediation of organic groundwater contamination in the sticial 
aquifer located in the vicinity of the fuel farm and extending downgradient towards Brinson Creek. 
A remediation system installed in this area would be designed to mitigate the migration of 
groundwater contamination from OU No. 10 prior to its discharge into Brinson Creek. 

Other media of concern such as sediment and groundwater in the upgradient portion of the surficial 
aquifer will be addressed during subsequent RVFS activities that are scheduled to commence later 
this year. Soil contamination at Site 35 was excavated and removed as part of a separate Interim 
Remedial Action completed in the Spring of 1996. 

The viability of in well aeration technology (RAA 5) at Camp Lejeune is being evaluated by means 
of a field pilot test currently underway at another site (OU No. 14, Site 69). Whether or not in well 
aeration is applied at Site 35 is dependent, in part, on the results of the field pilot test at Site 69. If 
it is determined, based on the results of the field pilot test, that in well aeration cannot perform as 
required, the Interim ROD (Baker, 1995d) indicated that RAA 3 (Groundwater Collection and 
On-Site Treatment) would be substituted as the Interim Preferred Remedial Action. To date, the field 
pilot test of in well aeration technology has experienced delays in being implemented at Site 69 
which further delays field pilot-scale tests at Site 35. In the meantime, EPA, NC DEHNR, 
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LANTDIV, Camp Lejeune, and Baker staff agreed that a treatability study of IAS technology would 
be appropriate at this site. If the results of this test are sufficiently positive, a request may be made 
to prepare an Explanation of Significant Differences (ESD) document to modifl the selected 
alternative. 
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2.0 OVERVIEW OF IN-SITU AIR SPARGING TECHNOLOGY 

2.1 Descrintion 

IAS is a technology in which air is bubbled through a contaminated aquifer. Air bubbles traverse 
horizontally and vertically through the soil column, creating an underground stripper that removes 
contaminants by volatilization and, for some contaminants, particularly fuel-related compounds, by 
biodegradation. The air bubbles carry the contaminants upward until they can be recovered by a 
vapor extraction system or released to the atmosphere. 

IAS is a commercially available technology for removing volatile organic chemicals from 
groundwater. Various technical papers have been published documenting its effectiveness at sites 
across the U.S. In general, the available literature indicates that IAS is most frequently used to 
remediate shallow groundwaler (i.e., less than 20 feet below the ground surface [bgs]); however, in 
theory there is no limit to its application. 

At Site 35, the area east of the former fuel farm, between Brinson Creek and the proposed divided 
highway, is located, for the most part, within the limits of the Brinson Creek loo-year floodplain. 
The area is characteristically marshy with the groundwater surface generally situated within three feet 
of the ground surface throughout the year. This type of site does not avail itself to traditionally- 
applied vapor extraction due to the lack of a sufficiently thick unsaturated soil zone. Consequently, 
the contaminants removed from the shallow groundwater at Site 35 via IAS will be most likely 
discharged to the atmosphere directly. 

2.2 Limitations 

The effectiveness of IAS system generally increases with increasing intrinsic permeability (k, cm’). 
Soils should have an intrinsic permeability of at least lo-’ for air sparging to be effective 
(EPA/5 10/B-94/003). Silty sands generally have k values in the range of IO“’ to IO-‘. Therefore, the 
soils at Site 35, which are predominantly silty sands, are potentially amenable to IAS. Organic 
compounds with Henry’s law constants greater than 0.01 atm-m3/mol (EPA/542/B-94/013) or 100 
atm (EPA/SlO/B-941003) are typically considered amenable to stripping. All of the VOCs of concern 
have Hem-y’s constants that are greater than these values. 

As previously indicated, IAS is generally applied to remediate contamination in shallow groundwater 
(i.e., less than 20 feet bgs). At Site 35, the area of contamination is distributed throughout a shallow 
groundwater zone that varies in depth from approximately 32 to 40 feet. Lighter molecular weight 
fuel contaminants are more prevalent near the groundwater surface, while heavier halogenated 
compounds are concentrated atop a semi-confining layer at the base of the shallow groundwater zone. 
In general, the lighter contaminants near the groundwater surface should be easier and less costly to 
remove than the heavier contaminants at the base of the shallow zone. This is due, in part, to the 
higher volatility of the lighter compounds and, in part, because of the greater energy required to inject 
air in the deeper zone. 

The track record for IAS shows that it has indeed been applied more at sites contaminated with fuels 
rather than solvents. This is probably due in part to the larger number of fuel-related versus 
solvent-contaminated sites, the biodegradability of fuel-related contaminants, and the fact that the 
majority of fuel-related sites are characterized by contamination at or near the groundwater surface. 
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IAS systems utilize injected air and arc often combined with vapor extraction systems to control the 
migration of contaminants. At Site 35, bctwecn Brinson Creek and the proposed divided highway, 
the groundwater surface is generally within three feet of the ground surface throughout the year. The 
available unsaturated soil zone is insufficiently thick to afford the application of vapor extraction. 
Without vapor extraction, the migration of contaminants in the vadose zone is uncontrolled. 
However, as illustrated by the following example calculations, vapor emissions are anticipated to be 
low and should not pose an unacceptable risk to human health or the environment. 

To provide a conservative estimate, or upper bound, of the vapor emission rate prior to performing 
the treatability study, it can be assumed that, at steady-state, the contaminant vapor emission rate will 
equal the dissolved contaminant migration rate to the IAS system. Thus, this upper bound can be 
calculated from an estimate of the groundwater specific discharge q [ft/d], width of the IAS barrier 
W [ft], the depth below the groundwater table to the injection point H [ft], and dissolved contaminant 
concentration C, [lb/ft3] as follows: 

Emissions,, = q [ft/d] x W [ft/d] x H [ft] x C, [lb/ft3] 

Based on the available Site 35 data from the Rl Report, conservative estimates for these parameters 
are as follows: q = 0.06 ft/d (based on K = 0.001 cm/s, I = 0.02), W = 200 ft, H = 25 ft, C, = 0.00006 
lb/ft! (= 1,000 l&L). Inserting these values into the above emissions equation results in a maximum 
surficial emission rate of approximately 0.02 lb/d. 

Assuming four sparging wells are installed over the 200-foot wide capture zone with a combined air 
flow rate of 40 cubic feet per minute (cfm) (i.e., four wells spaced 50 feet apart with 10 cfm per 
well), the resulting contaminant air concentration passing through the vadose zone would be 3.5 x 
10m7 lb/f? or 5.6 mg/m? For a qualitative risk assessment, this value can be compared to the threshold 
limit value (TLV) for an 8-hour cxposurc (i.e., time-weighted average (TWA)) for benzene and TCE, 
which are 32 mg/m3 and 269 mg/m3, respectively. Additional risk assessment analyses can be 
performed based on the air sampling results from the treatability study. 

Another potential concern associated with the IAS system is the amount of contamination that will 
be retained in the soils (i.e., resulting contaminant concentrations) since implementation of a soil 
vapor extraction system to collect volatilized contaminants in the vadose zone may not be possible. 
Based on an vapor contaminant concentration of 5.6 mg/m’ and assuming an equilibrium soil-vapor 
partitioning coefficient of 3.3 L/kg for benzene and 2.5 L/kg for TCE (see calculations provided in 
Appendix B), the degree of soil contamination resulting from this contaminated air is approximately 
0.018 mg/kg for benzene and 0.014 mg/kg for TCE. The acceptable U.S. EPA risk-based 
concentrations (RBCs) for exposure to contaminated soil (i.e., accidental ingestion) under a 
residential use scenario are 22 mg/kg and 58 mg/kg for benzene and TCE, respectively. Thus, the 
IAS system should not create soil contamination that poses an unacceptable risk to human health or 
the environment. 

2.3 Treatability Studv Desien Basis 

The IAS alternative in the Interim FS (Baker, 1995b), Remedial Action Alternative (RAA) 4, 
included installation of an IAS “curtain,” or barrier, to contain and treat contaminated groundwater 
as it flows towards Brinson Creek. The conceptual design for RAA 4 included a total of 43 sparging 
(i.e., air injection) wells spaced approximately 25 feet apart. As shown in Figure 2- 1, a total capture 
zone approximately 1000 feet in width was assumed based on available data. The capture zone width 
was based on containing groundwater contaminated above the NC DEHNR-based groundwater 
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standards (Table l-l). As shown in Figure 2-1, the sparging curtain is expected to be located 
approximately 25 feet downgradient, or cast, of the highway’s eastern right of way. A soil vapor 
extraction system was included in the FS as part of RAA 4, since it is typically required for an IAS 
system as a safeguard measure for controlling vapor emissions. RAA 4 was not selected because of 
the high water table conditions in the capture zone area along Brinson Creek. 

One of the goals of the treatability study are to reline the conceptual design in the FS using test data 
as well as additional groundwater contaminant data obtained during the Supplemental Groundwater 
Investigation (SGI) at Site 35. The Draft SGI Report is scheduled to be submitted in November 
1996. A summary of the available groundwater data through the 1994 RI for the fuel-related 
(i.e., benzene, toluene, ethylbenzene, and xylenes (BTEX)) and solvent-related (i.e., total chlorinated 
hydrocarbons (CHCs)) contamination in the vicinity of Brinson Creek is provided in Figure 2-2. 
Total concentrations of BTEX and CHCs detected during the April 1996 field investigation are 
shown in Figure 2-3. 

Groundwater sampling results from the most recent field investigation and previous studies 
conducted by ESE (1990), NUS (1990), Law (1992 and 1993), and Baker (1994), indicate three 
primary areas of contamination that intercept the proposed sparging curtain boundary. Hypothetical 
contaminant plumes for these areas were developed (Figure 2-4) to estimate capture zones and to 
identify additional data needs. These plumes have been identified as plumes A, B, and C for 
purposes of this report. These plumes are considered hypothetical since it is unknown if each plume 
originates from a single source area or if it is actually a composite of two or more plumes originating 
from multiple sources. The two northern plumes (A and B) represent BTEX contamination 
associated with monitoring wells MW-20 and MW-16, respectively. The southern plume (plume C) 
consists of chlorinated solvent contamination, primarily TCE and 1,2-DCE, associated with 
monitoring well MW-19. A fourth potential area of solvent contamination (not shown), plume D, 
is located south of plume C near wells 35MW-34B, 35MW-35B, and 35MW-36B (see Figures l-3 
and l-4). This zone of contamination does not appear to have encroached as near to Brinson Creek 
as plumes A, B, and C. The concentrations in plume D are three orders of magnitude less than the 
plume C contamination and appear to represent a separate contaminant source. 

Of the three or four plumes intercepting the sparging curtain boundary, plumes B and C contain the 
bulk of the contaminant mass in the groundwater and pose the most risk to receptors in Brinson 
Creek. The significance of these two plumes with respect to the remedial design/action is discussed 
later in this section. Groundwater data (Figure 2-2) show that BTEX levels associated with plume A 
attenuate rapidly in the downgradient direction, suggesting natural attenuation mechanisms 
(i.e., biodegradation) are preventing appreciable contamination from reaching the creek. With 
respect to plume D, contaminant levels in this area only slightly exceed established cleanup levels. 
Therefore, with containment/treatment of the upgradient source area, natural attainment of the 
cleanup levels in plumes A and D may be possible through dilution and dispersion. 

Conceptually, the shallow aquifer can be divided into two regions; an upper region in which the 
majority of the BTEX contamination resides, and a lower region that contains the bulk of the solvent- 
related contamination. The thickness of the shallow aquifer is approximately 30 to 35 feet, with the 
water table located approximately two to three feet bgs along the sparge curtain boundary. BTEX 
compounds were generally detected in the upper 0 to 15 feet of aquifer; whereas, the highest 
concentrations of chlorinated compounds were detected in the lower 20 to 35 feet of aquifer 
(i.e., above the semi-confining layer). BTEX concentrations in the upper aquifer are generally about 
two orders of magnitude higher in the upper aquifer than in the lower aquifer. 
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Plume B is generally a shallow BTEX plume with contamination in the center of the plume extending 
into the middle portion of the shallow aquifer (approximately 25 feet bgs) and contamination near 
the edges of the plume extending only to about 15 feet bgs. Plume B is approximately 300 feet in 
width. The centerline of the plume appears to be located near well TW-23. Soil conditions across 
Plume B appear more uniform compared to those across Plume C. Most of the saturated aquifer 
material across Plume B is composed of medium- and fine-grained sands. Thin silt/clay stringers 
were observed in some of the borings, however, the soils are predominantly sands. 

In contrast to Plume B, Plume C is generally a deeper chlorinated solvent plume (mainly TCE and 
1,2-DCE) with contamination generally absent in the upper 10 feet of aquifer and then increases 
dramatically with depth to the confining layer located 30-35 feet bgs. Plume C appears to be at least 
450 feet in width. As shown in Figure 2-4, part of plume C overlaps with plume B. The highest 
concentrations of the TCE and 1,2 DCE contamination are centered near well locations TW-16 and 
TW-17. Soil boring logs from the wells installed along Plume C indicate a much more heterogeneous 
condition. Boring log TW-16 indicates either silty clay or clayey silt from 6.5 to 25 feet bgs. Silt 
and clay was also apparent in boring TW-17 down to 18.5 feet bgs with silty sand down to about 24.5 
feet bgs. Borings TW-16 and TW-17 contained the highest concentrations of TCE and 1,2-DCE. 
The thicknesses of the silt/clay and clay/silt lenses appear to dramatically decrease in the 
northwestern direction along the sparge curtain boundary. A silt/clay lens was only detected from 
about 8.5 to 9.5 feet in boring TW- 18. 

Since plumes B and C essentially represent two distinct sites with different types of contamination 
and soils, two short-term (6-day) pilot-scale tests were proposed for Site 35, one for plume B and one 
for plume C. The treatability study for plume B was proposed to be conducted first since the soil 
lithology is more homogeneous and contains more sand and less silt than the aquifer materials located 
further south in the plume C area. Thus, prior to implementing the treatability study the plume B area 
appeared to be more conducive to IAS technology and had the greatest chance of success. If the 
plume B treatability study was determined to be successful (i.e., air can be effectively injected into 
the aquifer with no signs of entrapment below confining layers), then the plume C treatability study 
could also be performed. This area contains the highest levels of solvent-related contamination and 
poses the greatest treatment challenge with respect to IAS. It was anticipated that the scope of work 
for the plume C pilot test would be very similar to the first plume B pilot test. However, 
modifications and adjustments could be made to the plume C study based on data obtained and 
lessons learned from the first test. 

To accommodate the two different types and zones of contamination, two sparging wells were 
proposed for the plume B treatability study, as shown in Figure 2-5. The upper sparging well would 
be screened approximately 14 to 16 feet bgs, whereas the lower sparging well would be screened 
from approximately 32 to 34 feet bgs. Exact screen placements were to be determined in the field 
based on actual conditions. As shown in Figure 2-6, only one deep sparging well was proposed for 
plume C because of the silt/clay and clay silt lenses present from approximately 7 to 23 feet bgs. Air 
injected into the plume C sparging well would be expected to travel horizontally within the lower 
sand layer and beneath the silt/clay lenses. The air would gradually travel upward as the silt/clay 
lenses become thinner and eventually disappear. 

As shown in Figures 2-5 and 2-6, as the injected air exits the well screen and travels upward towards 
the water table, it fans out radially, forming a parabolic-shaped zone of intluence (under 
homogeneous conditions). Soil heterogeneities, however, such as silt stringers or very permeable 
sand lenses, can dramatically alter this flow regime by trapping air and forcing it to move laterally 
and/or by creating preferential flow paths. Thus, changes in lithology may preclude the sparge 
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curtain from treating certain zones of contamination. Because of the “fanning-out” effect, the length 
of the radius of intlucnce (ROI) of a sparging well is typically least at the bottom of the well and 
greatest near the water table. Since the sparging wells cannot be placed below the semi-confining 
layer, chlorinated hydrocarbons located immediately above this layer may pass beneath and/or 
between the sparging wells. To minimize this problem, sparging wells may need to be tightly spaced 
in the deep zones of contamination (i.e., plume C). In areas with mainly shallow contamination, a 
longer spacing may be feasible, depending on lithology. 

The results of the short-term treatability studies were expected to provide key information concerning 
the effectiveness and implementability of IAS technology at the Site 35 plumes. However, the short- 
term studies would not provide conclusive evidence as to the effectiveness of the sparge curtain to 
mitigate long-term contaminant migration. Furthermore, since the plume B treatability study would 
only be performed for a short duration, it could not provide data regarding potential enhancement of 
biodegradation rates in this area. For these reasons, a long-term (i.e., 12 to IS-month) barrier 
effectiveness test was proposed for plumes B and C, provided the short-term treatability study(s) 
yield(s) promising results. The long-term study would essentially represent the first phase of the 
interim remedial action, in which permanent, full-scale equipment and utilities would be installed by 
the Remedial Action Contract (RAC) contractor and operated at the site. During this period, new and 
existing monitoring wells located up-, down-, and cross-gradient of the sparge curtain boundary 
would be monitored to track contamination in both untreated and treated areas. Near the end of this 
time frame, one of the following decisions would be made based on sampling results: 

0 Continue operation of the existing system 

0 Expand the existing IAS system to include additional areas if necessary (e.g., plume 
A and/or plume D) 

0 Discontinue use of the sparging system in plume B and/or plume C in favor of an 
alternate technology (i.e., in-well aeration) 
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3.0 TREATABILITY STUDY OBJECTIVES 

At Site 35 IAS is proposed as part of an interim remedial action. The focus of this interim action is 
the contaminated surficial groundwater in the area located east of the former Site 35 fuel farm, 
between Brinson Creek and the proposed divided highway. As this represents only a portion of the 
contaminated shallow groundwater identified at the site, this action is referred to as an Interim 
Remedial Action, That is, it represents only a portion of a more comprehensive investigation and 
remediation at Site 35 and will not necessarily be the final solution for OU No. 10. 

The objectives of the treatability study are as follows: 

0 Assess the applicability of IAS technology in addressing shallow groundwater 
contamination at Site 35 by evaluating the effectiveness, implementability, and cost 
of a full-scale treatment system. 

0 Obtain sufficient data to afford the development of a full-scale system remedial 
design. 

l Assess the impact of air emissions on human health and the environment, and verify 
that air emissions will not impact the proposed highway project. 
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4.0 MONITORING WELL AND SOIL GAS PROBE INSTALLATION 

- 

Groundwater monitoring wells and soil gas monitoring probes were installed to assist in monitoring 
the performance of the IAS system. This section describes the installation of the 26 monitoring wells 
and six soil gas monitoring probes at Plumes B and C. 

4.1 Monitoring Well Installation 

This section describes the installation of the 14 monitoring wells at Phunc B and the 12 monitoring 
wells at Plume C. 

4.1.1 Plume B 

A total of 12 monitoring wells and 2 air injection wells were installed at Plume B from July 9 through 
July 14, 1996. The locations of the monitoring and air injection wells are shown on Figure 4-l. 
Drilling and well installation was performed by Parratt-Wolff, Inc. of East Syracuse, New York. 

Subsurface soil samples were collected continuously during the drilling of monitoring wells 
35MW-44B, 35MW-46A, 35MW-46B, 35MW-49A, and 35MW-50A to provide detailed subsurface 
stratigraphic information to depths ranging from approximately 12 to 35 feet below the ground 
surface (bgs). Subsurface soil samples were collected on five-foot centers during the drilling of 
monitoring wells 35MW-47B, 35MW-48B, 35MW-49B, and 35MW-50B to conIirm subsurface 
stratigraphy to 3 1.5-feet (bgs). Subsurface soil samples were not collected from monitoring wells 
35MW-44A, 35MW-45A, 35MW-45B, 35MW-47A, and 35MW-48A. Soil samples were obtained 
via two-foot long, two-inch diameter, split spoons. Standard penetration resistance values were 
obtained as per American Society for Testing Materials (ASTM) Method D 1586-84 and recorded 
on the boring logs. The samples were visually classified in the field using the Unified Soil 
Classification System (USCS). There were no environmental samples collected from the well 
borings during the monitoring well installation activities. Boring logs are provided in Appendix C. 

Six of the monitoring wells (35MW-45A, 35MW-46A, 35MW-47A, 35MW-48A, 35MW-49A, and 
35MW-50A) were installed to monitor the upper portion of the smficial aquifer with well screens set 
from two to 12 feet bgs. The other six monitoring wells (35MW-45B, 35MW-46B, 35MW-47B, 
35MW-48B, 35MW-49B, and 35MW-50B) were installed to monitor the lower portion of the 
surficial aquifer with well screens set from 26 to 31 feet bgs. Wells 35MW-44A and 35MW-44B 
were installed to provide air injection points beneath the ground surface. All of the wells were 
constructed of two-inch diameter, schedule 40, polyvinyl chloride (PVC) casing with threaded joints 
and two-inch diameter, PVC well screens with No. lo-slot (O.Ol-inch) openings. The well screens 
were set at two feet bgs and extended to 12 feet bgs. The air injection well screens were set from 14 
to 16 feet bgs and 32 to 34 feet bgs, respectively. A uniform sand pack with grains ranging between 
0.0 1 and 0.03 inches in diameter was placed in the annulus around each well screen to approximately 
0.5 to two feet above the top of the screen. A bentonite clay seal approximately 1.5 to two feet thick 
was placed atop the sand pack. A cement-bentonite slurry was used to fill the remaining annular 
space to the ground surface. The PVC well casings were set to stick-up above the ground surface 
approximately three feet. Protective steel casings with locking caps were placed over the PVC well 
casings and set into concrete collars. Well construction details are provided on Table 4- 1. 

The 12 monitoring wells and two air injection wells were developed to remove fines and stabilize the 
sand pack around the well screens establishing a hydraulic connection between the well and the 
watertable aquifer. A two-inch diameter centrifugal pump with a modified check valve and dedicated 
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black flex hose tubing was utilized for this purpose. Each well was pumped until the turbidity 
readings were less than 10 NTUs. The water in the well was surged with a surge block assembly for 
20 minutes in an effort to loosen tines and reorient the sand grains in the sand pack into a tighter 
configuration. 

Monitoring well 35MW-44B purged dry after one well volume (5.5 gallons). The well recharged at 
approximately 0.03 gallons per minute (gpm). An alternate well development method was used 
approximately two weeks after the initial attempt to develop the well. This method consisted of 
forcing compressed air into the well which pushes the water within the well out the top of the well. 
This method also failed to provide a good hydraulic connection between the well and the sticial 
aquifer. It is likely that the low productivity of this well was due to the small length (2 feet) well 
screen and/or a low hydraulic conductivity formation that the screen was set in. 

4.1.2 Plume C 

A total of 11 monitoring wells and one air injection well were installed at Plume C from August 19 
through August 29, 1996. The locations of the monitoring and air injection wells are shown on 
Figure 4-2. Drilling and well installation was performed by Par-rat&Wolff, Inc. of East Syracuse, 
New York. 

Subsurface soil samples were collected continuously during the drilling of monitoring well 
35MW-51B to provide detailed subsurface stratigraphic information to a depth 31 feet bgs. 
Subsurface soil samples were collected on five-foot centers during the drilling of monitoring wells 
35MW-52B, 35MW-53B, 35MW-54B, 35MW-55B, 35MW-56B, 35MW-57B, and 35MW-58B to 
confirm subsurface stratigraphy to depths ranging from 32 to 34 feet bgs. Only one subsurface soil 
sample was collected during the drilling of monitoring well 35MW-55A from a depth of five to seven 
feet bgs. Subsurface soil samples were not collected from monitoring wells 35MW-52A, 
35MW-54A, and 35MW-53A. Soil samples were obtained via two-foot long, two-inch diameter, 
split spoons. Standard penetration resistance values were obtained as per ASTM Method D 1586-84 
and recorded on the boring logs. The samples were visually classified in the field using the USCS. 
There were no environmental samples collected from the well borings during the monitoring well 
installation activities. Boring logs are provided in Appendix C. 

All of the monitoring wells were installed to monitor the portion of the surlicial aquifer between the 
bottom of a clay layer and the top of the semi-confining unit. These wells were constructed of two- 
inch diameter, schedule 40, PVC casing with threaded joints and two-inch diameter, PVC well 
screens with No. lo-slot (O.Ol-inch) screen openings except for 35MW-5 1B. The tops of the well 
screens were set at depths ranging from seven to 24 feet bgs and extended to 12 to 31 feet bgs. Well 
35MW-5 1 B was installed to provide an injection point for the air to enter beneath the ground surface. 
This well was constructed of two-inch diameter, schedule 40, PVC casing with threaded joints and 
a two-inch diameter, PVC, continuous wound screen with O.Ol-inch openings. This type of screen 
was utilized at this location to provide a larger area for the air to escape the injection well. The top 
of the well screen was set at 24 feet bgs and extended to 26 feet bgs. A uniform sand pack with 
grains ranging between 0.01 and 0.03 inches in diameter was placed in the annulus around the 
screens to approximately two to three feet above the top of the screen. A bentonite-clay seal 
approximately two to three feet thick was placed atop the sand pack. A cement-bentonite slurry was 
used to fill the remaining annular space to the ground surface. The PVC well casings were set to 
stick up above the ground surface approximately three feet. Protective steel casings with locking 
caps were placed over the PVC well casings and set into concrete collars. Well construction details 
are provided on Table 4-2. 
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The 11 monitoring wells and single air injection well were developed to remove fines and stabilize 
the sand pack around the well screens establishing a hydraulic connection between the well and the 
water-table aquifer. A two-inch diameter centrifugal pump with a modified check valve and dedicated 
black flex hose tubing was utilized for this purpose. Each well was pumped until a minimum of 10 
well volumes were removed from the well and subsequent pH and conductivity readings stabilized. 
The water in monitoring well 35MW-55A was surged with a surge block assembly in an effort to 
loosen fines and reorient the sand grains in the sand pack into a tighter configuration. 

4.2 Soil Gas Probe Installation 

The intention of the soil gas probe installation was to provide vadose zone monitoring points to aid 
the evaluation of the effectiveness of the air sparging system. A total of six soil gas probes were 
installed at Plume B. The locations of the soil gas probes are shown on Figure 4-l. 

-- 

The soil gas probes were constructed of one-inch diameter, schedule 40, PVC casing. All probes 
were five feet in length with a one-foot long well screen located at the end. The screen consisted of 
0. l-inch slots spaced every 0.5inches and l/S-inch diameter hoIes spaced every 0.5-inches. The top 
of the probes were capped with a barbed fitting to allow for air samples to be obtained. Expendable 
drive points were placed on the end of the probes for installation purposes. Each probe was installed 
approximately 15 inches bgs. A bentonite seal was placed around the probe at the ground surface 
to mitigate air from being drawn into the probe from the atmosphere. 

4.3 gV Geolo 

This section describes the local geologic and hydrogeologic conditions in the Plume B and Plume 
C areas, The discussion presented in this section is based primarily on the drilling observations made 
during the installation of 14 monitoring wells at Plume B and 12 monitoring wells at Plume C. 
Specific regional and site-wide geologic and hydrogeologic conditions are discussed in detail in the 
Final RI Report (Baker, 1995a) and the Final Treatability Study Work Plan (Baker, 1996). 

4.3.1 Plume B 

--- The geologic conditions of the smficial aquifer local to the leading edge of Plume B were ascertained 
during the installation of 14 monitoring wells, 35MW-44A and B through 35MW-50A and B. The 
subsurface strata were logged during the installation of the deeper wells (wells with a “B” 
designation) to a maximum depth of 35 feet below ground surface. Boring logs are provided in 
Appendix C. The monitoring well locations in the Plume B area, as well as four cross section lines 
are shown on Figure 4-3. The four geologic cross sections are shown on Figures 4-4 through 4-7. 

c For the purposes of this treatability study, the subsurface strata in the Plume B vicinity were divided 
into four engineering geologic units, as follows: 

*- 

Peat: The Peat material was encountered in every boring installed in the Plume B area from 
the ground surface to a depth below ground surface of approximately 9 to 11 feet. The 
material encompassed by this unit consists of dark brown peat with decomposed wood and 
roots. This material is typically extremely to very loose as illustrated by the split spoon blow 
counts recorded in the boring log as WOH (weight of hammer). 

Sand: The sand unit was encountered in every boring installed in the Plume B area from 
depth of approximately 9 to 11 feet below the ground surface to a depth of 15 to 20 feet 
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below the ground surface The sand unit is characterized as a dark brown to brown, very 
loose, fine grained sand with a trace silt and wood splinters/decomposed wood, As shown 
on Figures 4-6 and 4-7, the sand increases in thickness to the northeast. 

Sand and Fossiliferous Limestone: This unit was encountered in each of the deep borings 
installed in the Plume B area from a depth of approximately 15 to 20 feet below the ground 
surface to 28.5 to 30 feet below the ground surface. This unit is characterized as a brown to 
yellow brown, medium dense fine to medium grained sand with some to little sandstone 
nodules, little cemented shell material/shell fragments and a trace silt. With depth, this unit 
grades to a light grey, medium dense to dense fossiliferous limestone with fine grained sand, 
little shell material/shell fragments and a trace silt. 

Semi-Confining Unit: The semi-confining unit was encountered in each of the deep borings 
in the Plume B area at a depth of approximately 28.5 to 30 feet below the ground surface. 
The semi-confining consists of green grey, medium dense fine grained sand with a trace of 
silt, clay, shell material and fossiliferous limestone. This unit is distinctly more fine grained 
and compacted than the overlying sand and fossiliferous limestone unit. 

Each of these units appear to be generally flat lying and were laterally extensive with only minor 
lithologic variations over the Plume B IAS study area, as illustrated in the cross sections shown on 
Figures 4-4 through 4-7. 

Groundwater was encountered at approximately 0.5 feet below the ground surface at each boring 
location to the total depth of each bore hole. Static groundwater elevations, collected after 
monitoring well installation and stabilization were not measured; therefore, the groundwater gradient 
(direction or magnitude) was not determined for the IAS study. However, based on the Final RI 
Report (Baker, 1995d), the groundwater flow in the Plume B area is to the northwest towards Brinson 
Creek. 

The following generalizations may be made based on the Final RI Report, the Final Treatability 
Study Work Plan and observations during drilling and well development: 

0 Groundwater was first encountered near the ground surface in the peat unit and in 
each unit thereafter to the total depth of the borings. The entire smficial aquifer 
unit, down to the top of the semi-confining unit was saturated. 

0 Although substantial amounts of water were encountered in the surficial peat 
material, this unit was noted as having a low structural competence as implied by 
the standard penetration test WOH designation. The most productive, competent 
water bearing units in the surficial aquifer appear to be the sand, and sand and 
fossiliferous limestone units. 

l The lowermost unit encountered at this site, the semi-confining unit displays a 
substantially lower permeability than the overlying units. This unit is typically 
considered a “marker bed” in the Camp Geiger area and acts as a hydrogeologic 
boundary, or a unit that retards vertical Bow between the shallow, smficial aquifer 
and deeper aquifer systems. The top of the semi-confining unit constitutes the base 
of the surBcia1 aquifer. 

rs 

r 

i 
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4.3.2 Plume C 

^ 

- 

The geologic conditions of the surficial aquifer local to the Icading cdgc of Plume C were ascertained 
during the installation of 12 monitoring wells, 35MW-51B through 35MW-58B. The subsurface 
strata were logged during the installation of the deeper wells (wells with a “B” designation) to a 
maximum depth of 34 feet below ground surface. Boring logs are provided in Appendix C. The 
monitoring well locations in the Plume C area, as well as three cross section lines are shown on 
Figure 4-8. The three geologic cross sections are shown on Figures 4-9 through 4- 11. 

For the purposes of this treatability study, the subsurface strata in the Plume C vicinity were divided 
into four primary engineering geologic units, as described in the following paragraphs. 

l Silty Sand: Silty sand is the uppermost unit identified in the Plume C area and 
extends from the ground surface to depths of approximately 3 to 7 feet below the 
ground surface. The material encompassed by this unit consists of dark brown to 
brown, very loose fine grained sand with some to trace silt and little rooted/plant 
material. 

0 Clay: The clay unit was encountered in every boring in the Plume C area from 
depths of approximately 1 to 7 feet below the ground surface to 15 to 21 feet below 
the ground surface. Although this unit exhibited substantial lateral and vertical 
variability, it may be described in general terms for the purpose of this treatability 
study as a brown to grey, very soft to soft (plastic) sandy to silty clay. This unit also 
was characterized as moist, often with saturated overlying and underlying units. 

0 Sand: The sand unit was encountered in each of the deep borings/monitoring wells 
(designated with a “B”) from depths of approximately 15 to 21 feet below the 
ground surface to 30 to 33.5 feet below the ground surface. Similar to the clay unit, 
the sand unit also displayed substantial lateral and vertical variability. In general, 
this unit consists of brown to light grey, loose to medium dense, fine to medium 
grain sand with traces of silt, sandstone nodules, and shell material/fragments. 
Locally (e.g., in the vicinity of 35MW-51B), this unit also contains fossiliferous 
limestone with tine grained sand and trace silt and cemented shell 
material/fragments. 

0 Semi-Confming Unit: This unit was encountered in each of the deep borings in the 
Plume C area at a depth of approximately 30 to 33.5 feet below the ground surface. 
The semi-confining unit consists of a green grey, medium dense fine grained sand 
with a trace of silt, clay, shell material and fossiliferous limestone. As in the Plume 
B area, this unit is distinctly more tine grained and compacted than the overlying 
sand unit. 

The silty sand, sand and semi-confining units appear to be relatively flat lying and were laterally 
extensive over the Plume C IAS study area, as illustrated in the cross sections shown on Figures 4-9 
through 4-11. The sand unit did increase in thickness in the northeast portion of the site in the 
vicinity of monitoring well 35MW-55B. The clay unit increased in thickness from approximately 
live feet in the northeast portion of the Plume C area (35MW-55B) to over 16 feet in the southwest 
portion of the area (35MW-58B) as illustrated on Figure 4-10. The decreasing clay thickness 
corresponded to an increasing sand unit thickness in the northeast portion of the area. 
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Groundwater was typically encountered in the sand unit underlying the clay at depths of 10 to 21 feet 
below the ground surface. Local wet zones (e.g., in monitoring well 35MW-5 1B) were encountered 
in the silty sand above the clay unit. Static groundwater elevations were not measured for the IAS 
study; therefore, the groundwater gradient (direction or magnitude) was not determined. However, 
based on the Final RI Report (Baker, 1995a), the groundwater flow in the Plume C area is to the 
northwest towards Brinson Creek. 

The following generalizations may be made based on the Final RI Report, the Final Treatability 
Study Work Plan and observations during drilling and well development: 

0 The sand unit underlying the clay unit appears to be the principle water bearing unit 
in the sticial aquifer. Small amounts of water were noted in the silty sand above 
the clay unit. 

l The clay unit appears to act as a partial hydraulic boundary and may retard both 
vertical and horizontal flow. 

0 The lowermost unit encountered at this site, the semi-confining unit appears to 
display a substantially lower permeability than the overlying sand unit. This unit 
is typically considered a “marker bed” in the Camp Geiger area and acts as a 
hydrogeologic boundary, or a unit that retards vertical flow between the shallow, 
surficial aquifer and deeper aquifer systems. The top of the semi-confining unit 
constitutes the base of the sticial aquifer. 

The effect of these features on the effectiveness of the IAS study is discussed in Section 5.0. 
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5.0 TREATABILITY STUDY PROCEDURES AND OPERATION 

.- 

c 

The following sections describe the procedures and operation of the IAS treatability study at OU 10, 
Site 35, Plume B. 

5.1 Pre-Studv Samolinp 

Pre-study sampling was conducted for a duration of 24 hours prior to the start-up of the IAS system. 
The sampling consisted of monitoring soil gas and groundwater to establish a baseline set of physical 
and chemical data conditions in the vadose zone and sutficial aquifer. 

5.1.1 Soil Gas Monitoring 

Six soil gas probes were sampled prior to the start-up of the IAS system. The water table at Plume 
B was encountered just below the ground surface. At soil gas probe locations SG-1, SG-2, SG-3, and 
SG-6 no vadose zone was present to be monitored. Only soil gas probes SG-4 and SG-5 were 
installed in areas where a vadose zone was present. 

Soil gas samples were obtained by pumping air from soil gas probes SG-4 and SG-5 for 
approximately 45 seconds utilizing a Dawson electric air sampling pump. All of the instruments used 
to monitor the air contained pumps to draw air from the probe into the instrument for analysis. Air 
samples were analyzed for percent oxygen, volatile organic compounds (VOCs), and pressure 
utilizing an O&EL meter, photoionization detector (PID) and SUMMA canister, and magnehelic 
pressure gauges, respectively, as indicated in Table 5-I. Soil gas probes SG-1, SG-2, SG-3, and 
SG-6 were monitored for percent oxygen, VOCs, and pressure utilizing an O&EL meter, PID, and 
magnehelic pressure gauges. These samples reflect only the ambient air from within the probes and 
not the air from the surrounding vadose zone. The high water table prohibited the use of the Dawson 
electric air sampling pump to obtain samples from the surrounding vadose zone at these locations. 

5.1.2 Groundwater Monitoring 

Twelve groundwater monitoring wells were sampled prior to the start-up of the IAS system as 
indicated in Table 5-l. Dissolved oxygen readings were obtained from monitoring wells 
35MW-45AlB, 35MW-46AlB, 35MW-47A.5, 35MW-48A/B, 35MW-49A/B, and 35MW-5OA/B 
utilizing a YSI Model 55 Dissolved Oxygen meter. Groundwater samples were collected from 
monitoring wells 35MW-46A/B and 35MW-50NB for analysis at a fixed-base laboratory for VOCs. 
Static water level readings were collected on a hourly basis from monitoring wells 35MW-45A/B, 
35MW-46B, and 35MW-47A utilizing a Hermit data logger. 

5.2 Studv Implementation 

This section describes the IAS equipment utilized for the Plume B treatability study, the performance 
of the system, and the monitoring and sampling conducted during the study. 

5.2.1 In-Situ Air Sparging Equipment 

The IAS equipment was constructed atop a flat bed trailer and consisted primarily of an oil-free 
rotary vane air compressor which was powered by a gasoline engine. The compressor was equipped 
with a pressure relief valve, check valve, and pressure gauge and was plumbed to one-inch diameter, 
schedule 40, steel pipe with a bleed valve to control air flow and a sampling port to monitor helium 
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concentrations in the air stream. Flow gauges and gate valves were located on the system to monitor 
and control the flow of air into the ground. Schedule 40, one-inch diameter, high temperature hose 
was used to connect the steel pipe to the injection well head. A process flow diagram depicting the 
equipment and instrumentation is provided on Figure 5-l. 

5.2.2 In-Situ Air Sparging System Performance 

The treatability study was comprised of two tests (deep and shallow air injection) each consisting of 
two phases (low and high flow rates). The first test injected air into the deeper zone at flow rates of 
approximately 7.5 and 20 actual cubic feet per minute (acfm) and air pressures of approximately 15.5 
and 18.8 pounds per square inch (psi), respectively. The second test consisted of injecting air into 
the shallow zone at flow rates of approximately five and 20 acfm with corresponding air pressures 
of approximately seven and eight psi, respectively. The step from the lower flow rate to the higher 
flow rate did not occur until steady sate was obtained during the low flow phase. Table 5-2 presents 
the durations of each test phase and the associated flow rates. Helium was added to the air flow at 
a rate sufficient to yield a total helium concentration of approximately two to four percent of the air 
flow volume. A Mark 9822 Helium Detector was utilized to monitor the concentration of helium in 
the air stream. 

5.2.3 Study Sampling 

Sampling during the treatability study consisted of monitoring soil gas and groundwater at the site 
to evaluate any changes to the baseline data collected during pre-test sampling. Table 5-3 presents 
the sampling conducted during the treatability study. 

5.2.3.1 Soil Gas Monitoring 

Six soil gas probes were monitored during the operation of the IAS system. The water table at Plume 
B was encountered just below the ground surface. At soil gas probe locations SG-1, SG-2, SG-3, and 
SG-6 no. vadose zone was present to be monitored. Only soil gas probes SG-4 and SG-5 were 
installed in areas where a vadose zone was present. 

Soil gas samples were obtained by pumping air from soil gas probes SG-4 and SG-5 for 
approximately 45 seconds utilizing a Dawson electric air sampling pump. All of the instruments used 
to monitor the air contained pumps to draw air from the probe into the instrument for analysis. Air 
samples were analyzed for percent oxygen, VOCs, pressure, and helium utilizing an O&EL meter, 
PID and SUMMA canister, magnehelic pressure gauges, and helium detector, respectively, as 
presented in Table 5-3. Soil gas probes SG-1, SG-2, SG-3, and SG-6 were monitored for percent 
oxygen, VOCs, pressure, and helium utilizing an O,/LEL meter, HNU, magnehelic pressure gauges, 
and helium detector. These samples reflect only the ambient air from within the probes and not the 
air from the surrounding vadose zone. The high water table prohibited the use of the Dawson electric 
air sampling pump to obtain samples from the surrounding vadose zone at these locations. 

5.2.3.2 Groundwater Monitoring 

r 
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Twelve groundwater monitoring wells were sampled during the operation of the IAS system as 
indicated in Table 5-3. Dissolved oxygen readings were obtained from monitoring wells 
35MW-45A/B, 35MW-46iVB, 35MW-47A/B, 35MW-48AlB, 35Mw-49A/B, and 35MW-5OA/l3 
utilizing a YSI Model 55 Dissolved Oxygen meter. Groundwater samples were collected from 
monitoring wells 35MW-46A/B and 35MW-50A/B for analysis at a fixed-base laboratory for VOCs. 
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Water levels were collected on a hourly basis from monitoring wells 35MW-45AlE%, 35MW-46B, and 
35MW-47A utilizing a Hermit data logger. 

5.2.3.3 Groundwater Tracer Gas Monitoring 

The fourteen groundwater monitoring wells at Plume B were monitored to detect the presence of 
helium. This monitoring was conducted to provide data regarding the zone of influence of the air 
injection well. 

Modified slip caps were installed on the tops of the well casings to capture and monitor the ambient 
air inside the wells. The ambient air within the monitoring wells was analyzed for helium utilizing 
a helium detector. The frequency of this monitoring is shown in Table 5-3. 

5.3 Post-Studv Samoiing 

Post-study sampling was conducted for a duration of 24 hours following the commencement of the 
study. The sampling consisted of monitoring soil gas and groundwater at the site as it returns to 
steady conditions. The sampling also monitored any changes to the baseline physical and chemical 
data conditions in the aquifer and vadose zone that may have occurred as a result of the treatability 
study. 

5.3.1 Soil Gas Monitoring 

Six soil gas probes were monitored at the conclusion of the IAS study. The water table at Plume B 
was encountered just below the ground surface. At soil gas probe locations SG-1, SG-2, SG-3, and 
SG-6 no vadose zone was present to be monitored. Only soil gas probes SG-4 and SG-5 were 
installed in areas where a vadose zone was present. 

Soil gas samples were obtained by pumping air from soil gas probes SG-4 and SG-5 for 
approximately 45 seconds utilizing a Dawson electric air sampling pump prior. The instrument used 
to monitor the air contained a pump to draw air from the probe into the instrument for analysis. Air 
samples were analyzed for VOCs and helium utilizing SUMMA canisters and a helium detector, 
respectively, as indicated in Table 5-4. Soil gas probes SG-1, SG-2, SG-3, and SG-6 were monitored 
for helium utilizing a helium detector. These samples reflect only the ambient air from within the 
probes and not the air from the surrounding vadose zone. The high water table prohibited the use of 
the Dawson electric air sampling pump to obtain samples from the surrounding vadose zone at these 
locations. 

5.3.2 Groundwater Monitoring 

Twelve groundwater monitoring wells were sampled following the operation of the IAS system as 
indicated in Table 5-4. Dissolved oxygen readings were obtained from monitoring wells 
35MW-44B, 35MW-45A/l3, 35MW-46AlT3, 35MW-47A/B, 35Mw-48AfB, 35MW-49A& and 
35MW-50AA3 utilizing a YSI Model 55 Dissolved Oxygen meter. Groundwater samples were 
collected from monitoring wells 35MW-46A/B and 35MW-5ONB for analysis at a fixed-base 
laboratory for VOCs. Water levels were collected on a hourly basis from monitoring wells 
35MW-45A/B, 35MW-46B, and 35MW-47A utilizing a Hermit data logger. 
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6.0 TREATABILITY STUDY RESULTS 

- 

This section describes the results of the IAS treatability study. Dissolved oxygen in groundwater, 
ambient air helium concentrations, static water levels, groundwater analytical results, air sampling 
analytical results, and the radius of influence will be discussed and evaluated in the following 
sections. The percent oxygen, PID results, and pressure readings from the six soil gas probes did not 
indicate any effects from the treatability study. Therefore, this data will not be presented in this 
report. All of the data contained on the graphs and figures in this section which have been impacted 
by this IAS study have been color coded to assist in presenting the results of the treatability study 
(e.g., monitoring well 35MW-47A has been colored green on all the figures and graphs). This data 
evaluation will provide the necessary input to recommend a full-scale remedial system at Operable 
Unit No. 10, Site 35. Conclusions and design recommendations for the selection of a remediation 
system will be presented in Section 7.0. 

Monitoring well 35MW-44B was intended to be the injection well for the deep injection test. Three 
separate attempts failed to inject air into the aquifer via 35MW-44B. Each attempt consisted of 
delivering approximately 20 psi of pressure into the well. The first attempt lasted for six hours while 
the second and third attempts consisted of 3-112 and three hours each, .respectively. The steady state 
conditions within 35MW-44B were disturbed from these attempts of injecting air into the well, 
Therefore, the data obtained from this well was considered biased and was not discussed in this 
report. It is likely that the inability to inject air into the aquifer through this well was due to the small 
length (2 feet) of well screen and/or a low hydraulic conductivity formation that the screen was set 
in. As an alternative, monitoring well 35MW-47B was utilized as the injection well for the deep air 
injection portion of the treatability study. 

The effectiveness of this treatability study was limited somewhat by the inability to inject air into 
35MW-44B. One of the goals of the study was to inject air as close as possible to the top of the semi- 
confining unit due to the higher levels of contamination occurring in the deeper wells. This would 
have provided the ability to direct a greater volume of air through the areas of the highest 
contamination. This modification to the study influenced the data from the deeper monitoring wells. 
This was due to the fact that the monitoring wells were no longer in a position to intercept the air 
flow being injected from a deeper well. The performance of the study was, nevertheless, valid and 
provided the necessary input required for the performance-based design of a full-scale system. 

6.1 Dissolved Oxvtzen 

- 

-- 

The monitoring of dissolved oxygen (DO) in the groundwater assisted in evaluating the radius of 
influence from the treatability study. The DO readings indicated that the IAS system did impact the 
groundwater beneath the site. The discussion on the dissolved oxygen results has been divided 
between the shallow and deep monitoring wells as follows. 

6.1.1 Shallow Monitoring Wells 

The pre-study or baseline DO readings for the shallow monitoring wells ranged from 0.14 to 0.25 
milligrams per liter (mg/L) as presented in Table 6-l. An increase in DO was observed in the 

s- shallow monitoring wells during phase I (7.5 acfm) and phase II (20 acfm) of the deep air injection 
(35MW-47B) test and during phase II (20 acfm) of the shallow air injection (35MW-44A) test. 

- 
Three of the seven shallow monitoring wells (35MW-44A, 45A, and 47A) were influenced during 
phase I of the deep air injection test as indicated in Table 6-l. The increase in DO from these three 
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wells ranged from 0.82 to 10.91 mg/L. Four of the seven shallow monitoring wells (35MW-44A, 
45A, 46A and 47A) were influenced during phase II of the deep air injection test as indicated in 
Table 6-l. The increase in DO from these four wells ranged from 0.92 to 11.71 mg/L. It should be 
noted that during the duration of the deep air injection test slugs of aerated groundwater were ejected 
from the top of 35MW-44A in a cyclic fashion. Therefore, it is assumed that the groundwater from 
this well was saturated with DO during the deep air injection test. 

The DO readings declined during the post study between the deep and shallow air injection tests as 
shown on Figure 6-l. The decline in DO concentrations continued through phase I (5 acfm) of the 
shallow air injection test. The next increase in DO concentrations did not occur until phase II of the 
shallow air injection test. The DO increased from 0.67 to 6.35 mg/L in monitoring well 35MW-45A 
during phase II. 

A plot of the DO concentrations from the shallow monitoring wells during the study are shown on 
Figure 6-1. Only sporadic data was obtained from monitoring well 35MW-44A due to the surging 
condition of the groundwater within the well, therefore it was not displayed on Figure 6-1. Three 
monitoring wells (35MW-44A, 45A, and 47A) were impacted during phase I of the deep air injection 
test yielding a radius of influence of approximately 20 feet as shown on Figure 6-2. Four monitoring 
wells (35MW-44A, 45A, 46A and 47A) were impacted during phase II of the deep air injection test 
yielding a radius of influence of approximately 20+ feet as shown on Figure 6-2. Only one 
monitoring well (35MW-45A) was impacted during phase II of the shallow air injection test yielding 
a radius of influence of approximately 10 feet as shown on Figure 6-3. 

6.1.2 Deep Monitoring Wells 

The pre-study DO readings for the deep monitoring wells ranged from 0.13 to 0.25 milligrams per 
liter (mgL) as presented in Table 6-2. An increase in DO was observed in a deep monitoring well 
during phase II (20 acfm) of the deep air injection (35MW-47B) test. No other changes in the DO 
concentrations occurred in the deep monitoring wells during the treatability study. 

One of the seven deep monitoring wells (35MW-45B) was influenced during phase II of the deep air 
injection test as indicated in Table 6-2. This increase in DO occurred during one reading and ranged 
from 0.14 to 2.70 mg/L. This spike in DO indicated that the groundwater may have been impacted 
in a horizontal fashion more than what was expected at this site. A plot of the DO concentrations 
from the deep monitoring wells during the study are shown on Figure 6-4. It should be noted that 
the plotted DO concentration for 35MW-47B is residual DO from this well being utilized as the deep 
air injection well. These readings are not associated with the shallow air injection test. 

6.2 Helium 

Helium gas was utilized as a tracer element to monitor impacts, such as the radius of influence, that 
the IAS system had on the site. Helium was added to the air flow at a rate sufficient to yield a total 
helium concentration of approximately two to four percent. The helium readings indicated that the 
IAS system positively impacted the site. 

6.2.1 Shallow Monitoring Wells 

The ambient air inside the wells was analyzed for helium utilizing a helium detector during the 
performance of the treatability study. The pre-study helium readings were zero as presented in Table 
6-3. Helium was detected in the shallow monitoring wells during phase I (7.5 acfm). and phase II 
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(20 acfm) of the deep air injection (35MW-47B) test. Helium was also detected during phase I 
(5 acfm) and phase II (20 acfm) of the shallow air injection (35MW-44A) test. A plot of the helium 
concentrations detected in the ambient air from the monitoring wells during the study is provided on 
Figure 6-5. 

Helium was detected in four shallow monitoring wells (35MW-44A, 45A, 46A, and 47A) ranging 

from 0.01 to 5.1 percent helium by volume during the deep air injection test as indicated in Table 6-3. 
The injected helium concentration by volume ranged from 0.8 to 6.0 percent during the deep air 
injection test. The concentrations of detected helium in the ambient air within the monitoring wells 
correlated well with the volume of helium being injected into the system. These results yielded an 
estimated radius of influence of approximately 20 feet for the deep air injection test as shown on 
Figure 6-2. 

Helium was detected in one shallow monitoring well (35MW-45A) during the shallow air injection 
test as shown on Figure 6-5. The increase in helium occurred near the end of phase I and throughout 
phase II and ranged from 0.08 to 2.0 percent helium by volume during the shallow air injection test 
as shown on Table 6-3. These concentrations correlated well with the range of helium being injected 
(0.56 to 4.4 percent) into the air stream. This increase in helium yielded an approximate radius of 
influence of 10 feet as shown on Figure 6-3. 

6.2.2 Deep Monitoring Wells 

Helium was not detected in any of the deep monitoring wells during the entire study as shown on 
Table 6-4. Therefore, the helium data indicated that the study did not impact the lower portion of 
the aquifer. 

6.2.3 Soil Gas Probes 

Six soil gas probes were monitored for helium throughout the study. Helium was detected during 
phase I (7.5 a&n) and phase II (20 acfm) of the deep air injection (35MW-47B) portion of the study 
as shown on Figure 6-6. Helium was detected in SG-1 at concentrations ranging from 1.7 to 2.9 
percent helium by volume during phase I and 0.71 to 1.0 percent helium by volume during phase II 
of the deep air injection test as indicated in Table 6-5. Soil gas probe SG-2 detected helium ranging 
from 0.01 to 0.04 percent helium by volume during phase II of the deep air injection test. Helium 
was not detected in any of the soil gas probes during the shallow air injection (35MW-44A) portion 
of the study. 

The detection of helium in SG-1 yielded an approximate radius of infhtence of 20 feet during phase 
I and II of the deep air injection test. The detection of helium in SG-2 during phase II of the deep 
air injection test suggests that the radius of intkence may have reached as far as 30 feet at a flow rate 
of 20 acfm from the deep air injection test. 

6.3 Static Water Levels 

Static water levels were recorded in four monitoring wells throughout the site to monitor any 
influence the treatability study had on the water table aquifer utilizing data loggers. Monitoring wells 
35MW-45A, 45B, 46B, and 47A were chosen to be monitored on a hourly basis during the pre-study, 
deep and shallow air injection tests, and post-study. 
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The treatability study impacted the water table aquifer beneath the site during the deep air injection 
test as shown on Figure 6-7. The greatest impact was noticed in the deep monitoring wells 
(35MW-45B and 46B) during the first few hours of each phase of the deep air injection test. 
Approximately half the magnitude of the impact from the deep wells was noticed by the shallow 
monitoring wells (35MW-45A and 47A). The large drop in the water level following the deep air 
injection test was likely due to a combination of the treatability study mounding the groundwater 
beneath the site and the immediate drop in pressure on the aquifer when the treatability study 
commenced. Once the injection of air into the aquifer commenced the water table formed a 
depression due to the lack of pressure combined with the groundwater discharging away from the site 
due to the mounding condition of the water table. The site recharged to its pre-study conditions 
within a few hours of the post study as shown on Figure 6-7. 

Only a slight impact was noticed on the water table aquifer during the shallow air injection test. An 
increase of approximately l/2 foot was noticed during the second phase of the shallow air injection 
test in monitoring well 35MW-47A as shown on Figure 6-7. 

6.4 Groundwater Analvtical Results 

Groundwater samples were collected and analyzed for VOCs during each phase of the treatability 
study to determine if the study had an impact on the contaminants in the groundwater during the 
duration of the treatability study. The samples were collected from four monitoring wells, two 
shallow (35MW-46A and 50A) and two deep (35MW-46B and 50B). All of the samples were 
collected utilizing a peristaltic pump with dedicated tubing and were sent to a fixed-base laboratory 
for VOC analysis. 

The groundwater samples were collected during the beginning of the pre-study, at the end of phase 
I and II of the deep and shallow injection tests, and during the post-study monitoring. No noticeable 
decline in site contaminants was noticed during the treatability study. The majority of the 
contaminants detected were chlorinated solvents such as chlorobenzene, 1,2-dichloroethene (total), 
and trichloroethene. 

The pre-study groundwater samples detected chlorobenzene, 1,2-dichloroethene (total), 
trichloroethene, and vinyl chloride ranging in concentrations from 1.2 J to 120 pg/L as presented in 
Table 6-6. The detected compounds during phase I of the deep air injection test consisted of 
benzene, 1,2-dichloroethene (total), trichloroethene, and vinyl chloride and ranged from 1.1 to 130 
&L as indicated in Table 6-7. 1,2-dichloroethene (total), trichloroethene, and vinyl chloride were 
detected in the groundwater samples collected during phase II of the deep air injection test at 
concentrations ranging from 1.0 J to 99 pg/L as presented in Table 6-8. The detected compounds 
during phase I of the shallow air injection test consisted of 1,2-dichloroethene (total), trichloroethene, 
and vinyl chloride and ranged from 1.0 J to 120 pg/L as indicated in Table 6-9. Benzene, 
chlorobenzene, 1,2-dichloroethene (total), methylene chloride, and trichloroethene were detected in 
the groundwater samples collected during phase II of the shallow air injection test at concentrations 
ranging from 1 .O J to 130 pg/L as presented in Table 6-l 0. The post-study groundwater samples 
detected 1,2-dichloroethene (total) and trichloroethene ranging in concentrations from 1.2 J to 130 
pg/L as presented in Table 6- 11. 

The concentrations of the detected compounds varied slightly from each phase of the tests. The 
minor changes did not indicate any influence on the contaminants in the groundwater from the short 
duration of the treatability study. A noticeable impact may have been observed on the monitoring 
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wells sampled if the radius of influence from the treatability study would have encompassed these 
monitoring wells. 

6.5 Air Samnliw Analvtical Results 

A total of 12 air samples were collcctcd during the duration of the treatability study via SUMMA 
canisters to evaluate any contaminants which may have been released to the ambient air of the site 
and within the vadose zone. Eight of the samples (SUMMA canister ID # 0048, 12586, 0169, 93279, 
12403, 93040, 0039, and 92039) were collected from soil gas probes SG-4 and SG-5 to monitor the 
vadose zone. The remaining four samples (SUMMA canister ID # 04330, 92003, 12544, and 93 148) 
consisted of ambient air and were obtained in the vicinity of the hvo air injection wells and the IAS 
trailer location. All of the samples were analyzed for TO-14 at a fixed-based laboratory. The air 
sampling locations and corresponding SUMMA canister ID numbers are shown on Figure 6-8. The 
detected analytical results are displayed in Table 6-12 and an evaluation of the analytical results is 
provided in the following paragraphs. 

The following section presents a qualitative comparison of Plume B air sampling data collected for 
the IAS treatability study to human health risk-based criteria. The purpose of this qualitative risk 
evaluation is to determine if there is a potential for adverse health effects to occur in the absence of 
collecting the off-gas from the IAS technology. Therefore, only the data from the four ambient air 
samples were compared to relevant risk-based criteria and discussed qualitatively. 

Under the IAS treatability study, four ambient air monitoring samples were analyzed for volatile 
organic compounds (VOCs). Table 6-12 presents the VOCs detected in the ambient air monitoring 
samples. The positive detections were compared qualitatively to USEPA Region III Ambient Air 
Risk-Based Concentrations (RBCs). All detected VOCs are retained for further consideration, 
M-Xylene, p-xylene, toluene, tetrachloroethene, cis- 1,2-dichloroethene, chloromethane, carbon 
disulfide, and dichlorodifluoromethane were detected at maximum concentrations below their 
respective ambient air RBCs. N-Butane and pentane were also detected. However, it should be 
noted that there were no risk-based criteria established for n-butane and pentane. 

Benzene was detected in one out of four samples at a detected concentration exceeding the ambient 
air RBC. However, this detection of benzene was only detected in one of the four samples and seems 
to be isolated. Consequently, this suggests that the potential for adverse health effects to occur 
during the operation of an IAS treatment system would be unlikely. 

6.6 Radius of Influence 

The treatability study was operated at two flow rates during the shallow and deep air injection tests 
to determine an optimum flow rate and a corresponding radius of influence for the in-situ air sparging 
technology at this site. The radius of influence and corresponding flow rates will be discussed in the 
following sections and will be split bctwccn the deep air injection test and the shallow air injection 
test. 

6.6.1 Deep Air Injection Test 

The deep air injection test provided valuable data for evaluating the radius of influence and 
determining the optimum flow rate for Site 35. The deep air injection test utilized monitoring well 
35MW-47B for the air injection location. Air was injected at hvo different flow rates (7.5 and 20 
acfm) as shown on the system head curve (Figure 6-9). 
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An approximate radius of influence of 20 feet was observed during phase I (7.5 acfm) of the deep 
air injection well (35MW-47B) as indicated by the supporting data obtained from the monitoring 
wells and soil gas probes previously discussed. The monitoring well data indicated a radius of 
influence greater than 20 feet for phase II (20 acfm) of the deep air injection test. The soil gas data 

w  

indicated a radius of influence of approximately 30 feet for the same phase. It was estimated that 
injecting air approximately 26 feet bgs at 20 acfm will yield a radius of influence of approximately 
25 feet away from the sparge point. Three geologic cross-sections have been developed to assist in m 

visualizing the approximate radius of influence from the IAS system. Figure 6-10 shows the 
locations of the geologic cross sections for Plume B. Figures 6-11, 6-12, and 6-13 provide three 
different cross sections of the site. The monitoring points which were impacted during the pilot test m 

have been displayed in color. 

6.6.2 Shallow Air Injection Test - 

The shallow air injection test provided valuable data for evaluating the radius of influence and 
determining the optimum flow rate for Site 35. The shallow air injection test utilized monitoring well m 
35MW-44A for the air injection location. Air was injected at two different flow rates (5 and 20 
acfm) as shown on the system head curve (Figure 6-14). 

A radius of influence was not observed during phase I (5 acfm) of the shallow air injection test as 
W 

indicated by the supporting data obtained from the monitoring wells and soil gas probes previously 
discussed. The monitoring well data indicated a radius of influence of approximately IO feet for 
phase II (20 acfm) of the shallow air injection test. This radius of influence did not sustain the entire m 

24 hour period that the system was operating during this phase. This was most likely due to the 
subsurface stratigraphy in which the shallow air injection well was located. This stratigraphy 
consisted mainly of peat material. The air pathways which were developing early during phase II rs 

failed to sustain themselves due to the poor shear strength associated with this peat material located 
in the first 12 feet bgs. Three geologic cross-sections have been developed to assist in visualizing 
the approximate radius of influence from the IAS system. Figure 6-10 shows the locations of the u 
geologic cross sections for Plume B. Figures 6-15, 6-16, and 6-17 show three different cross sections 
of the site. The monitoring points which were impacted during the pilot test have been displayed in 
color. - 

6.7 Additional Groundwater SamDIe Results 

An additional round of post-test groundwater samples were collected from four monitoring wells at 
Plume B during October 1996. These samples were collected to determine if any significant changes 
to the groundwater contamination has occurred since the completion of the pilot test and also as a 
follow up to the lack of BTEX contamination in this area compared to the contamination upgradient. 
Four groundwater samples were collected from Plume C to assist in evaluating the extent of the 
contamination at Site 35. This data was valuable in recommending an IAS system for Site 35. 

The groundwater analytical results did not indicate any significant changes in the contaminants at 
Plume B when compared to the previous data collected from Plume B during the treatability study. 
1,2-Dichloroethene and trichloroethene were detected at concentrations ranging from 12 to 160 pgL 
as presented in Table 6-14. These concentrations correlated well with the analytical results from the 
previous treatability study sampling conducted in August 1996. 

Additional groundwater samples were collected from a few monitoring wells upgradient of the IAS 
treatability study location. It was in these wells that significant groundwater contamination was 
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detected in the surfkial aquifer prior to the soil removal action at the former fuel farm location. The 
levels of BTEX from the samples collected during October 1996 were an order of magnitude less 
than those samples collected prior to the soil removal. Therefore, it is believed that the decline in the 
BTEX contamination at the site may be somewhat attributed to the removal of the contaminated soil. 

The analytical results from the groundwater collected at plume C detected similar compounds from 
Plume B but at increased concentrations. The concentrations of the compounds detected ranged from 
23 to 1400 pg/L as indicated in Table 6-15. The contamination in the deep wells was significantly 
greater than the contamination in the shallow wells. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

This section provides the conclusions from the IAS treatability study and recommendations for the 
design of a full-scale IAS system. These conclusions and recommendations are supported by the 
information in Sections 1.0 through 6.0 of this report. 

7.1 Conclusions 

Based on the results of the IAS treatability study it can be concluded that: 

0 IAS via vertical air injection will have limited effectiveness remediating CHCs at 
the base of the surficial aquifer. The semi-confining unit is too impermeable to 
allow air injection below the base of the sticial aquifer and underneath the 
contaminants. 

0 Vertical air injection in the area of the Plume C treatability study wells is 
inappropriate due to the presence of a subsurface clay layer. This clay layer will 
inhibit the vertical release of contaminants to the atmosphere and may result in the 
horizontal migration of contaminants off site. 

0 Results of groundwater sampling indicate BTEX contamination is not present in the 
area of the Plume B or Plume C wells. There are three possible reasons for the lack 
of contamination at these locations: 

1) The source of the contamination has been removed during the previous soil 
removal action at the former fuel farm. 

2) The contamination has not migrated to the IAS treatability study location. 

3) The contamination is being naturally attenuated in the approximately lo- 
foot thick peat bog located along the banks of Brinson Creek. 

0 Vertical air injection from the deep air injection wells did have a favorable impact 
at Plume B. A radius of influence of 20 feet was observed at a flow rate of 7.5 a&n. 
The radius of influence increased to approximately 30 feet when the air flow was 
increased to 20 acfm. 

0 Vertical air injection from the shallow air injection wells did not have a favorable 
impact at Plume B. Due to the lack of shear strength of the peat material, air 
pathways were unable to be developed and sustained from an air injection point just 
below the peat layer. 

0 Due to BTEX results, IAS, if implemented in the area between the eastern edge of 
the proposed right-of-way and Brinson Creek, will not impact the BTEX 
contamination. 
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7.2 Recommendations 

0 An IAS system where air is injected horizontally along the top of the semi-confining 
layer is preferable to conventional vertical air injection. Such a system should be 
more effective in remediating the CHC and BTEX contamination at this site. It is 
estimated that the cost of this system should be approximately equal to RAA 3, 
Groundwater Collection and On-Site Treatment, which was identified as the 
preferred contingent alternative in the Final Interim ROD (Baker, 1995). 

0 Due to poor site conditions, difficult access, and a lack of BTEX contamination in 
groundwater in the area between the eastern edge of the proposed right-of-way and 
Brinson Creek, an IAS system will likely be more effective if constructed along the 
western edge of the proposed right-of-way as shown on Figure 7- 1. 

l A field pilot test of a horizontal IAS system should be conducted in the area west of 
the proposed right-of-way to ensure it’s effectiveness prior to full-scale 
implementation. 

7-2 



- 8.0 REFERENCES 

- 

- 

- 

Baker, 1994. Baker Environmental, Inc. Interim Remedial Action. Remedial Investiaationl 
Feasibilitv Studv. Owrable Unit No. 10. Site 35 - Camu Geiger Fuel Farm. Marine Corps Base, 
Camp Lejeune, North Carolina. July, 1994. 

Baker, 1995a. Remedial Investigation Renort, Operable Unit No. 10. Site 35. Cams Geiger Fuel 
b. Marine Corps Base, Camp Lejeune, North Carolina. May, 1995. 

Baker, 1995b. Interim Feasibilitv Study for Shallow Groundwater in the Vicinitv of the Former Fuel 
b. Marine Corps Base, Camp Lejeune, North Carolina. April, 1995. 

Baker, 1995c. Final Interim Proposed Remedial Action Plan for SurEcial Groundwater. Goerable 
Unit No. 10. Site 35. Camu GeiPer Fuel Farm. Marine Corps Base, Camp Lejeune, North Carolina. 
May, 1995. 

Baker, 1995d. Final Interim Record of Decision for Surficial Groundwater for a Portion of Operable 
Unit No. 10. Site 35. Camu Geiger Area Fuel Farm. Marine Corps Base, Camp Lejeune, North 
Carolina. September, 1995. 

Baker, 1996. Final Treatabilitv Studv Work Plan Pilot-Scale Evaluation of In-Situ Air Suarging, 
Onerable Unit No. 10. Site 35. Marine Corps Base, Camp Lejeune, North Carolina. May, 1996. 

ESE, 1990. Final Site Summarv Report. MCB Cams Leieune. ESE Project No. 49-02036, 
September 1990. 

Law, 1992. Final Report, Underpround Fuel Investigation and Comprehensive Site Assessment, 
Camp Geiger Fuel Farm. Marine Corps Base, Camp Lejetme, North Carolina. February, 1992. 

Law, 1993. Addendum to Report of Underground Fuel Investigation and Comnrehensive Site 
Assessment. Camp Geiger Fuel Farm, Marine Corps Base, Camp Lejeune, North Carolina. 1993. 

NUS, 1990. Draft Field Investiaation/Focused Feasibilitv Studv. Cams Geiger Fuel Snill Site, 
Marine Corps Base, Camp Lejetme, North Carolina. December, 1990. 

USEPA, 1992. United States Environmental Protection Agency. Guidance for Conducting 
Treatabilitv Studies under CERCLA. Offrce of Emergency and Remedial Response, Washington, 
D.C., EPA/540-R-92-0718. 1992. 

WAR, 1983. Water and Air Research, Inc. Initial Assessment Study of Marine Corps Base. Cams 

Leieune, North Carolina. Prepared for Naval Energy and Environmental Support Activity. 1983. 

- 

- 

8-l 



- 

- 

- 

- 

P 

T 

- 



TABLE l-l 

ORGANIC COCs THAT EXCEED REMEDIATION LEVELS 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

I Contaminant of Concern I I Basis of RL I 

Benzene 1 NC WQS 

Trichloroethene 2.8 NC WQS 

cis-1,2-Dichloroethene 70 NC WQS 

trans- 1,2-Dichloroethene 

Ethylbenzene 

Methyl Tertiary Butyl Ether 

Xylenes 

70 NC WQS 

29 NC WQS 

200 NC WQS 

530 NC WQS 

Notes: 

(‘) RL = Remediation Level 
(‘) Groundwater RLs expressed as @g/L @pb) 
NC WQS = North Carolina Water Quality Standard 



TABLE 4-1 

MONITORING WELL CONSTRUCTION DETAILS - PLUME B 

IAS TREATABILITY STUDY 
OPERABLE UNIT NO. 10 (SITE 35) 

CAMP LEJEUNE, NORTH CAROLINA 

Well Number Well Number ComDletion Date ComDletion Date 

Ground 
Surface Surface 

Elevation Elevation 
(feet MSL) (feet MSL) 

Top of Top of 
PVC Casing PVC Casing 

Elevation Elevation 
-- ~ I I I 

35MW-44A 7/l l/96 2.8 5.76 

3 SMW-44B 7/l 4/96 2.8 5.35 

I 35MW-45A I 7/l 1196 I 2.8 I 5.46 

35MW-45B 7/14/96 2.8 5.60 

35MW-46A 719196 2.4 5.26 

3 5MW-46B 719196 2.8 5.74 

35MW-47A 7/10/96 2.6 5.49 

35MW-47B 7110196 2.8 5.77 

35MW-48A 7110196 2.3 5.20 

35MW-48B 7/l l/96 2.4 5.13 

3SMW-49A 7/10/96 2.4 4.99 

35MW-49B 7/l O/96 2.3 4.98 

35MW-50A 7/l 1196 2.6 5.37 

3 5MSJ’-50B 7/l l/96 2.9 5.45 

Screened Interval 

Depth Elevation 
(feet bgs) (feet MSL) 

14 - 16 -11.2 - -13.2 

32 - 34 -29.2 - -31.2 

2- 12 0.8 - -9.2 

26-31 -23.2 - -28.2 

2- 12 0.4 - -9.6 

26-31 -23.2 - -28.2 

2- 12 0.6 - -9.4 

26-31 -23.2 - -28.2 

2- 12 0.3 - -9.7 

26-31 -23.6 - -28.6 

2- 12 0.4 - -9.6 

26-31 -23.7 - -28.7 

2- 12 0.6 - -9.4 

26-31 -23.1 - -28.1 

Total Depth 
of Well 

(feet bgs) 

16.2 

34.2 

12.5 

31.5 

12.5 

31.5 

12.5 

31.5 

12.5 

31.5 

12.5 

31.5 

12.5 

31.5 



TABLE 4-2 

MONITORING WELL CONSTRUCTION DETAILS - PLUME C 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Screened Interval 

Total Depth 
of Well 

(feet bgs) 

Ground 
Surface 

Elevation 
(feet MSL) 

Top of 
PVC Casing 

Elevation 
Depth 

(feet bgs) 
Elevation 
(feet MSL) Well Number Completion Date 

35MW-5 1B 812 1196 2.5 5.20 24 - 26 I -21.5 - -23.5 31 

35MW-52A 8124196 3.1 5.91 18 - 23 I -14.9 - -19.9 23 

35MW-52B 8124196 

35MW-53A 8126196 

3.0 

3.3 

5.88 

6.39 

32 

21 

35MW-53B 8125196 3.0 6.31 22-27 I -19.0 - -24.0 32 

8125196 

8125196 

35MW-54A 

35MW-54B 

6.36 

6.25 

23 

32 3.2 

2.3 35MW-55A 

35MW-55B 

8124196 

8123196 6.09 32 2.9 

35MW-56B 8123196 6.3 8.99 

35MW-57B B/22/96 2.8 32 

35MW-58B 8126196 6.9 21-31 I -14.1 - -24.1 32 

I I’ I I, I I I, I 
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TABLE 5-1 

PRE-STUDY SAMPLING MATRIX - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

‘I 1 I I I ‘I ” 

I Total I 
Matrix I Location I Analysis 1 Frequency 1 Method 1 Samples I 

Soil Gas I All probes I Oxygen I t=o I O&EL I 6 I 

Soil Gas 

Soil Gas 

All probes 

SG4, SG5 

vocs 

vocs 

t=o 

t=o 

Vapor analyzer 6 

SUMMA, TO-14 2 

Soil Gas I All probes I Pressure I t=o I Pressure gauge I 6 I 
Groundwater 

Groundwater 

Groundwater 

All wells except 44NB 

46AA3,5OA/‘f3 

4%4/B, 46B, 47A 

D.O. 

vocs 

Water Level 

t=o 

t=o 

Hourly 

D.O. meter 12 

Lab, SW 846 8240 4 

Data Logger 96 



Deep Well Air Injection Phase II (20 a&n) 

Post Study Sampling 

Shallow Well Air Injection Phase I (5 acfm) 

Shallow Well Air Injection Phase II (20 a&n) 

Post Study Sampling 

TABLE 5-2 

TEST PHASE DURATIONS - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Thu Aug 8 Fri Aug 9 / SatAuglO I SunAugll i MonAug12 i TueAug 13 

i 

Wed Aug 14 
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TABLE 5-3 

TREATABILITY STUDY SAMPLING MATRIX - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Matrix 

Deep Air Injection 

Total 
Location Analysis Frequency Method Samples 

I 
Oxygen t = 4,18,22,42 O&EL 24 

t = 4,18,42 Vapor analyzer 18 

t = 18,42 I SUMMA, TO-14 I 4 I 

Soil Gas I All probes Pressure t = 4,18,22,24,42 I Pressure gauge I 30 I 

Helium Soil Gas 

Groundwater 

All Probes 

All wells except 44A/B 

t = 4,18,22,24,42 

t = 2,4,17,21,24,26,41 

Helium Detector 30 

D.O. meter 84 D.O. 

Groundwater I 46A/B, 5OAlB vocs 

Water Level Groundwater 45NB, 46B, 47A 

Groundwater Off-Gas I All Wells Helium 

r Shallow Air Iniection 

vocs Soil Gas 

Soil Gas 

SG4, SG5 

All Probes 

t = 23,25,48 

t = 3,9,23,27,30,33,47 

SUMMA, TO- 14 6 

Helium Detector 42 Helium 

Groundwater All wells except 44AA D.O. t = 0,2,5,8,24,27,30,33,47 D.O. meter 108 

Groundwater 

Groundwater 

46A/l3,5OAlB 

45NB, 46B, 47A 

vocs 

Water Level 

t = 24,48 

Hourly 

Lab, SW 846 8240 8 

Data Logger 192 

Groundwater Off-Gas All Wells Helium t = 3,5,9,23,26,30,33,47 Helium Detector 112 



TABLE 5-4 

POST-STUDY SAMPLING MATRIX - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Matrix Location Analysis Frequency Method 
Total 

Samples 

1 Deep Air Injection I 

Groundwater 

Groundwater 

All wells except 44A/J3 

45AlB, 46B, 47A 

D.O. 

Water Level 

t = 2,6,10,23 

Hourly 

D.O. meter 48 

Data Logger 96 

I Shallow Air Injection I 

Soil Gas 

Soil Gas 

Groundwater 

Groundwater 

Groundwater 

1 Groundwater Off-Gas 

All Probes Helium t = 4,8,22 Helium Detector 18 

SG4, SG5 vocs t=22 SUMMA, TO-14 2 

All wells except 44AIB D.O. t = 4,8,22 D.O. meter 36 

46AA, 5OAIB vocs t=22 Lab, SW 846 8240 8 

45pJB, 46B, 47A Water Level Hourly Data Logger 96 

1 All Wells 1 Helium 1 t = 4,8,22 I Helium Detector I 42 I 
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Test 

Pre-Studv 
Deep 

Air 

Injection 

Post 
Study 

Shallow 

Air 

Injection 

Post 
Study 

TABLE 6-l 

SHALLOW MONITORING WELL DISSOLVED OXYGEN CONCENTRATIONS - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Phase 

I 

II 

II 

‘I 

0 4 NA 1.66 0.19 1.56 0.22 0.19 0.23 . 

8 NA 2.07 0.16 1.60 0.15 0.24 0.16 

24 NA 1.78 0 22 1 4-3 0 05 0.35 0.14 

Notes: NA -Not analyzed 



TABLE 6-2 

I,’ I, 

DEEP MONITORING WELL DISSOLVED OXYGEN CONCENTRATIONS - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Post 
Study 

Notes: NA- Not analyzed 

5 4.58 0.20 NA NA NA NA NA 

8 1.81 0.18 0.22 0.13 0.16 0.20 0.11 

23 1.78 0.15 0.18 0.15 0.14 0.14 0.12 

0 4 1.54 0.17 0.16 0.16 0.17 0.17 0.22 

8 1.59 0.22 0.23 0.14 0.10 0.13 0.23 

6 0.15 0.05 0.13 022 
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Test Phase 

Pre-Studv 

Deep Air I 
Injection 

II 

Post 
Study 

Shallow I 
Air 

Injection 

tt 
8. 8, 

I t 

TABLE 6-3 

SHALLOW MONITORING WELL PERCENT HELIUM BY VOLUME - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Notes: NA- Not analyzed 



TABLE 6-4 

Test 

Pre-Studv 
Deep Air 
Injection 

Post 
Study 

DEEP MONITORING WELL PERCENT HELIUM BY VOLUME - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Shallow 

Notes: NA - Not analyzed 
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Test Phase 

Shallow I 
fir 

Injection 

Post 
Study 

II 

TABLE 6-5 

SOIL GAS PROBE PERCENT HELIUM BY VOLUME - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Flow Rate 
@cfin> 

Time 

mu=) SG-I SG-2 SG-3 SG-4 SG-5 SG-6 

7.5 3.5 2.90 0 0 0 0 0 

18 1.70 0 0 0 0 0 

20 2.5 0.71 0 0.01 0 0 0 

5 1.00 0.01 0 0 0 0 

5 2.5 0.04 0 0 0 0 0 

8 0 0 0 0 0 0 

23 0 0 0 0 0 0 

0 4 0 0 0 0 0 0 

8 0 0 0 0 0 0 

24 0 0 0 0 0 0 



TABLE 6-6 

PRE-TEST GROUNDWATER ANALYTICAL RESULTS - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds 
35-GW-46A-01-00 35-GW-46B-01-00 35-GW-50A-01-00 35-GW-SOB-01-00 

Q.@A (I.@) ha k3m 

I Chlorobenzene I 1.2 J I 5.0 u I 5.0 u I 5.0 u I 
1,2-Dichloroethene (total) 120 88 11 37 

Trichloroethene 24 8.5 2.0 J 2.4 J 

Vinyl Chloride 1.4 J 1.2 J 10 u 10 u 



TABLE 6-7 

DEEP AIR INJECTION, PHASE I, GROUNDWATER ANALYTICAL RESULTS - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds 35GW-46A-02-20 35-GW-46B-02-20 35-GW-50A-02-20 35-GW-50B-02-20 

wu (Pg/L) km ClM5) 

Benzene 1.0 u 1.0 u 1.1 1.0 u 

1,2-Dichloroethene (total) 130 86 10 36 

Trichloroethene 22 8.5 2.1 J 2.1 J 

Vinyl Chloride 10 u 1.1 J 10 u 10 u 



TABLE 6-8 

DEEP AIR INJECTION, PHASE II, GROUNDWATER ANALYTICAL RESULTS - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds 
35GW-46A-03-24 35-GW-46B-03-24 35-GW-50A-03-24 35-GW-50B-03-24 

6d-J h3u hm wu 

1,2-Dichloroethene (total) 99 77 9.9 41 

Trichlorocthcne 13 7.4 1.9 J 2.6 J 

Vinyl Chloride 10 u 1.0 J 10 u 10 u 

.I’ I I 
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TABLE 6-9 

SHALLOW AIR INJECTION, PHASE I, GROUNDWATER ANALYTICAL RESULTS 
PLUME B 

IAS TREATABILITY STUDY 
OPERABLE UNIT NO. 10 (SITE 35) 

CAMP LEJEUNE, NORTH CAROLINA 

‘I ii 

Volatile Organic Compounds 

1,2-Dichloroethene (total) 

Trichloroethene 

Vinyl Chloride 

35-GW-46A-04-23 35-GW-46B-04-23 35GW-50A-04-23 35-GW-50B-04-23 

@g/L) hm w-u bm 

120 79 10 36 ’ 

21 7.3 1.8 J 1.7 J 

10 u 1.0 J 10 u 10 u 



TABLE 6-10 

SHALLOW AIR INJECTION, PHASE II, GROUNDWATER ANALYTICAL RESULTS 
PLUME B 

IAS TREATABILITY STUDY 
OPERABLE UNIT NO. 10 (SITE 35) 

CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds 

Benzene 

Chlorobenzene 

1.2-Dichloroethene (total) 

35GW-46A-05-24 35-GW-46&05-24 35-GW-50A-05-24 35-GW-50B-O5-24 

~ldu WV (N&l hm 

1.0 u 1.0 u 1.3 1.0 u 

5.0 u 5.0 u 1.0 J 5.0 u 

130 80 9.7 32 

Methylene Chloride 5.0 u 5.0 u 3.5 JB 3.7 JB 

Trichloroethene 22 6.9 2.6 J 2.0 J 



TABLE 6-l 1 

POST TEST GROUNDWATER ANALYTICAL RESULTS - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds 

1,2-Dichloroethene (total) 

Trichloroethene 

35-GW-46A-06-24 35-GW-46B-06-24 3%GW-SOA-06-24 35-GW-50B-06-24 

hm km (MJ h-%0 

130 70 9.9 28 

23 6.8 1.8 J 1.2 J 



TABLE 6. .2 

AIR SAMPLING ANALYTICA , RESULTS - PLUME B 
IAS TREATABLLI ‘Y STUDY 

OPERABLE UNIT Nd . 10 (SITE 35) 
CAMP LEJEUNE, NOB m CAROLINA 

SUMMA Canister ID # 
Sampling Location 
Test 

Phase 
Date Collected 

Time Collected 

12586 

SG-5 
Pre-Study L Ju127 

1400 
PPB V/V 

2.2 

27-Jul 

1400 
PPB(V/V) 

6.4 IM-Xvlene & P-Xvlene 

Ethylbenzene 2.1 0.57 

Styrene 1.5 0.67 

N-Butane 4.5 1.9 

0048 

SG-4 
Pre-Study 

Toluene 26 9.4 

Pentane 4.7 1.2 

N-Hexane 1.7 0.42 U 

N-Octane 1 0.42 U 

N-Undecane 3.4 1.4 

N-Dodecane 1.1 0.79 

Nonane 1.6 0.42 U 

N-Decane 7.5 0.42 U 

1 Tetrachloroethene 1 0.44 Ii 1 0.42 U 

N-Heptane 0.71 0.42 U 0.43 u 0.42 U 0.43 u 

cis- 1,2-Dichlorcethene 2.3 0.42 U 0.43 u 0.42 U 1.4 

Chloroform 0.44 u 1.4 0.43 u 0.96 0.43 u 

Benzene 14 1.4 13 35 0.43 u 

Chloromethane 0.61 0.42 U 0.73 0.42 U 0.63 

Carbon Disulfide 1.4 0.64 U 0.64 U 0.63 U 0.64 U 

Dichlorodifluoromethane 0.68 0.7 0.74 0.8 0.61 

0-Xvlene 1.9 0.74 0.43 u 0.42 U 0.43 u 

1,2,4-Trimethylbenzene 

Cumene 

93279 

SG-5 
Deep Inj. 
Phase I 

Aug 9 
945 

PPB( V/V) 

0.44 

* 

92003 12403 93040 12544 

44A SG-4 SG-5 44A 

Shallow Inj . Shallow Inj Shallow Inj. Shallow Inj 
Phase I Phase I Phase I Phase II 

Aug 12 Aug 12 Aug 12 Aug 13 
745 900 900 800 

0039 92039 
SG-4 SG-5 

Post-Study Post-Study 

Aug 14 
650 

Aug 14 
650 

PPB( V/V) 

0.42 U 

0.42 U 

0.42 U 

0.42 U 

0.61 

0.42 U 

0.42 U 

0.42 U 

0.42 U 

0.42 U 

0.42 U 

0.74 

0.42 U 

0.42 U 

0.42 U 

0.9 

40 

0.42 U 

0.63 U 

0.68 

0.42 U 

0.42 U 

0.42 U 

0.42 U 

II I 

PPB(V/V) PPB(ViV) PPB(V/V) PPB(VfV) IPPB(V/V) 

0.73 0.42 U 0.42 U 0.41 U 1 0.42 U 

0.43 u 0.42 U 0.42 U 0.41 u 0.42 U 

0.43 u 0.42 U 0.42 U 0.41 u 0.42 U 

1.6 0.65 0.42 U 0.53 0.92 

1.3 1.2 0.82 0.41 u 1 

1.3 0.45 0.42 U 0.41 u 0.5 

0.43 u 0.42 U 0.42 U 0.41 u 0.42 U 

0.43 u 0.42 U 0.42 U 0.41 u 0.42 U 

0.43 u 0.5 0.42 U 0.41 u 0.43 

0.43 u 0.42 U 0.42 U 0.41 u 0.42 U 

0.43 u 0.42 U 0.42 U 0.41 u 0.42 U 

0.43 u 1.6 0.88 0.41 u 0.95 

0.43 u 0.49 0.42 IJ 0.41 u 0.42 IJ 

93148 

TRAILER 

Post-Study 

Aug 14 
650 

PPB(VN1 

0.41 u 

0.41 u 

0.41 u 

0.92 

0.49 

0.44 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

0.59 

0.61 U 

0.64 

0.41 u 

0.41 u 

0.41 u 

0.41 u 

I i 1 
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TABLE 6-13 

COMPARISON OF POSITIVE DETECTIONS TO AMBIENT AIR RBCs 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

(I) USEPA Region III Risk-Based Concentration Table. January-June, 1996. 
NE - Not established 

NA - Not applicable 



TABLE 6-14 

SUPPLEMENTAL POST-TEST GROUNDWATER ANALYTICAL RESULTS - PLUME B 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds 

35-GW-46A-07 35-GW-46B-07 35-GW-50A-07 35-GW-50B-07 

Pgn l-4 Pg/L I@- 

1,2-Dichloroethene (total) 160 75 

I Trichloroethene 



TABLE 6-15 

SUPPLEMENTAL POST-TEST GROUNDWATER ANALYTICAL RESULTS - PLUME C 
IAS TREATABILITY STUDY 

OPERABLE UNIT NO. 10 (SITE 35) 
CAMP LEJEUNE, NORTH CAROLINA 

Volatile Organic Compounds 

1,2-Dichloroethene (total) 

35-GW-53A-07 35-GW-55A-07 35-GW-56B-07 35-GW-57B-07 

Pg/L Pg/L Pgn Pg/L 

270 410 1400 1200 
I I I I I - 

1,1,2,2-Tetrachloroethane 10 u 10 u 10 u 35 

Trichloroethene 63 180 870 780 

Vinyl Chloride 10 u 10 u 44 23 





FIGURE 1 - 1  
CAMP LEJEUNE AND SITE 35 

LOCATION MAP 
SITE 35, CAMP GEIGER AREA FUEL FARM 

CONTRACT TASK ORDER - 0323 
MARINE CORPS BASE, CAMP LEJEUNE 

NORTH CAROLINA 
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Horizontal Scale: 1 inch = 80 ft 
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THE SOIL BORING INFORMATION IS CONSIDERED TO BE REPRESENTATIVE OF 
SUBSURFACE CONDITIONS AT THE RESPECTIVE BORING LOCATIONS. SUBSURFACE 
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FIGURE 1-7 
HYDROGEOLOGIC CROSS-SECTION A-A' 

CTO-0323 
SITE 35, IAS TREATABILITY STUDY 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 
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FIGURE 2-3 
DETECTED BTEX AND 

TOTAL CHLORINATED SOLVENTS 
IN SURFlClAL AQUIFER (APRIL 1996) 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 
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CO N C E PTU AL CO N TAM I N ANT PLU M ES 

I NTE R C E PT I N G SPAR G 1 N G C U RTAl N 
SITE 35 

CTO - 0323 
MARINE CORPS BASE, CAMP LEJEUNE 

NORTH CAROLINA 

BTEX PLUME BOUNDARY 

CHLORINATED HYDROCARBON 
BOUNDARY 

-- 

\ 
\ 
\ 
\ 
\ 

MW-213A 

MW-260  
e 
8 



MEDIUM/FINE SAND, SHELL/ 
LIMESTONE FRAGMENTS, GREY 

-25 

INJECTED AIR + + 

+- 
-0 

FINE SAND, GREY/BLACK BROWN 

T 
-5 

SAND AND SILT, GREY/BROWN 

+ + -10 

FINE SAND, GREY/BROWN 

-15 

-35 

FINE-GRAINED SAND, SOME SILT, GREEN 

2302OWP 

m 

Baker Envtomwntal, hi 

FIGURE 2-5 
PLUME B PILOT TEST 

PROPOSED SPARGING WELLS 
SITE 35 

CTO-0323 
MARINE CORPS BASE, CAMP LEJEUNE 

NORTH CAROLINA 



INJECTED AIR I) 

+- 
-0 

FINE-GRAINED SAND 

SILT AND CLAY, LlllLE FINE SAND 
GREY/BROWN 

CLAY, SOME SILT 
GREY/GREEN -20 

FINE/MEDIUM SAND 
BROWN I I 

-25 

4 
FINE SAND, GREY/GREEN, -30 

LIMESTONE FRAGMENTS 

FINE-GRAINED SAND, SOME SILT, GREEN 

Baker Envtomtial. ~a 

FIGURE 2-6 
PLUME C PILOT TEST 

PROPOSED SPARGING WELLS 
SITE 35 

CTO-0323 
MARINE CORPS BASE, CAMP LEJEUNE 

NORTH CAROLINA 
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Figure 6-l 
Shallow Monitoring Wells 
Dissolved Oxygen (D.O.) 

IAS Treatabillity Study 
Operable Unit No. 10 (Site 35) 

MCB Camp Lejeune, North Carolina 
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Figure 6-4 
Deep Monitoring Wells 
Dissolved Oxygen (D.O.) 

IAS Treatability Study 

Operable Unit No. 10 (Site 35) 

MCB Camp Lejeune, North Carolina 
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Figure 6-5 

Shallow Monitoring Wells 
Percent Helium by Volume 
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Figure 6-6 
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Figure 6-7 
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Figure 6-9 
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_ PROJECT: ~c~~t~~;\.‘k~i Ttl~.~$u Tt;\-C,:i~i. ;‘i:r SnsrQit,*O P\,,t..,G t 2 
CT0 NO.: 3 7 :” BORING NO.: -I r\j\,j3” i\ 81 ;.: 

COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: TOP OF PVC CASING: 

TEST BORING AND WELL CONSTRUCTION RECORD 

SPLIT CORE 

SPOON 
CASJNG AUGERS BARREL 

lZE (DIAM.) l-3/8” dlt+“ 

ENGTH 2.0 I 

YPE Std. \.I 5 $1 

XMMERWT. 140 liis. 

ALL 30” 

TICK UP 

WATER 
WEATHER DEPTH TIME 

(FT.1 

i..? Cl *: ;> L . -4. *:z (; .;I c, ‘+ : :: :I .,b,., \> i. $ ‘y l&j 

SAMPLE TYPE 
S = Split Spoon A = Auger 

T = Shelby Tube W=Wash 

R=AirRotary C = Core 

D = Denison P = Piston 
N = No Sample 

Depth 

w 

1 _ 

2- 

3- 

4- 

6- 

7- 

8- 

9- 

10 _ 

hip. samp. 

TYPe Rec. 
and (ft. 85 
No. %I 

Lab 
ID 
No. 

.4 
/ 
.4 

I . . . . : 
T Q z, ‘2; !  , ‘:, *_ i c? ..+ 

Well Diam. Type 
Lnformation 

Riser 2.0” 
Schedule 40 
PVC 

Screen 2.0” 
Schedule 40 
0.01 Slot 

I 

Top Bottom 
Depth Depth 

w (fi-1 

4J;3’ -I%0 

-l4-.6 -\lo,Q 
1 

Well 
Installation 

Detail 

Elevation 
(ft. MSL) 

- 
\/ Match to Sheet 2 

DRILLING CO.: mrr d t t - 4 ti (5 \CS BAKER REP.: TE. -z~L&,..,?cr..r;\~n 1-l 

DRILLER: m Q \-,‘; I’...? c1 BORING NO.: l.‘\ k-1 55 4-+r? SHEET 1 OF 1 
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I 
TEST BORING AND WELL CONSTRUCTION RECORD - 

R 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

Depth 

(fi.) 

11 _ 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 
wk.? 

17 _ 

18. _ 

19 _ 

!O _ 

!I _ 

!2 _ 

!3 _ 

!4 _ 

!5 _ 

!6 _ 

!7 _ 

!8 _ 

!9 _ 

;o _ 

samp. 
Tw 
and 
No. 

=NoS 
samp. 
Rec. 
(ft. & 

%) 

lple 
SPT 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Lab 
ID 

No. 

Ic 
PEFINITIONS 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) I 

RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
ppm = parts per million T 

I Well 
Visual Description Installation Elevation T 

Detail (R MSL) 

DRILLING CO.: F&r a tt ho\ _. fC BAKER REP.: Jr&. 2 ~w~Q.~‘vwchm 

DRILLER: G. 1,;!\1~,\\,1n, BORINGNO.: j-1w3544rl 



TEST BORING AND WELL CONSTRUCTION RECORD 

I  

PROJECT: TrQ&;?h iX( ,tt ?h.. \( T .~, 9;~i,~- rF\;t f,sx~t3 ;.r\~ ‘~i’Sj’-)(h ~0 ‘~ 

CT0 NO.: 321, :  
BORING NO.: p-)t,\7.c;d:.4q 6 

COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: TOP OF PVC CASING: 

RIG: 

* 82 

WATER 
DATE PROGRESS 

‘ORE 
(FT.1 

WEATHER DEPTH TIME 
(FT.1 

L”“YI- 

I 
I Std. 

SAMPLETYPE 
S = Split Spoon A = Auger 

T = Shelby Tube W=Wash 

R=AirRotary C = Core 

D = Denison P = piston 

N = No Sample 

Depth 

@J 

6- 

7, X! 

8- 

blip. 
TYPe 
and 
No. 

7 
! 

_. - 

SPT 

R;D 

- ._- 

_ - 

__ 

c 
,, 

Gi 
ID 
NO 

- 

-- 

- 

r Well 1 Diam. 1 Type 
Information Depth I 

(ft.) \- I (ft.) I 

Riser 

Screen 

2.0” 
Schedule 40 
PVC 

2.o,, Schedule 40 
0.01 Slot 

I 

Visual Description 
‘n 
\ 

Well 
Elevatio 

Installation 
Detail 

(ft. MSL, 

//v 
I ,I 

:et 2 



PEFINITIONS SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 1 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
ppm = parts per million T . I I * 

SPT 

R;D 

1 
samp. 

Type 
and 
No. 

Lab 
ID 
No. 

Depth 

@I 

11 ,lr.( 

12 _ 

13 13. _ 

14 _ 

15 -rs 

16 _ 

17 ,E 

18, _ 

19 -r9-I 

20 _ 

21 -a 

22 _ 

23 -z-3, 

24 _ 

25 -_zs. 

26 _ 

27 -3 

28 _ 

29 -a 

10 __ 

Visual Description 
Well 

Installation 
Detail 

Elevation T (ft. MSL) 

s- 5 

DRILLING CO.: %rratt - wntcc BAKER REP.: JTE. Z’vn WC. Ck-nO~C~ 

DRILLER: G. I :A\,-..“,T’r\cI, BORING NO.: M (AC) ?;?;5 4- 4 B SHEET 2 Olw 
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TEST BORING AmNIl WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

SAMPLE TYPE PEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R-AirRotary C = Core PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Samole 

Depth 
@J 

r; 1 

Lab PID 

D @Pm) 
No. 

.5/$ 

Visual Description 

Continued corn Sheet 2 

Well 
Installation 

Detail 

Elevatio 
(ft. MSL 

_ . -- . . 

\:n,Q 

ll 

*I 

0 I 

9- 

O- 

I- 

‘2 _ 

‘3 _ 

4- 

‘5 _ 

!6 

7- 

‘.8 _ 

9- 

0, 

DRILLING CO.: Rt-rai;l& bJO\ f f BAKER REP.: J, 6.. ‘Z\w:+,Rv “%.4QkA 
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TEST BORING AND WELL CONSTRUCTION RECORD ~_ 

IE -~ 

COORDINATES: EAST: NORTH: 
OP OF ‘C CASING: E LEVATION: SURFACE: 

I I 
RIG: 

# k37” WATER 
WEATHER DEPTH TIME 

m.1 

PROGRESS 

(FT.1 
DATE 

SPLrT CASING AUGERS BysL 
SPOON 

I  

SIZE (DIAM.) l-318” 6 ‘/4 I* 
LENGTH 2.0 

TYPE 1 Std. \. 1c f:r 

IAMMER WT. 140 Ibs. I 

t-J& 
SAMPLE TYPE TOP Bottom ~ 

Depth Depth 7 S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

N = No Sample 

Depth 

0-v 

samp. 

TYPe 
and 
No. 

Samp. 
Rec. 
(ft. & 

%) 

- 

Lab 
ID 

No. 

PID 

@pm) Visual Description 
WC11 

Installation 
Detail 

Elevation 
(ft. MSL) 

I 

6- 

7- 

8- 

9- 

10 _ 

DRILLING CO.: Rx+< att -b>o\c< BAKERREP.: J. E. Z\~-Q~~\O,M 

DRILLER: . Lan~,,‘*a BORINGNO.: MW354Sd 2 SHEET 1 OF, 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R = Air Rotary C=Core PlD = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Samp. SPT Lab PID 

(ft.) Tfle Rec. or D @pm) 
Well 

Visual Description Elev 
and (ft. & RQD No. Installation 

(ft. I 
No. %) Detail 

Continued from Sheet 1 
11 _ 

M-r\) - - 
l 4- 

-;g:=‘;y; cja\n& 

/ 

-~~~‘-“--~ :;* paca 

12 _ A- 
Lucy- to dc+.7 +;;;r ;<2 wau 

I W- 
- 2$< z $2 

,-x , 
~C~ti - \r\ 

l2.S 

E-bv.t3 or Eat tmq _ 
a$ $ ;z 

13 _ 
watt 

14 _ TQ : tTA.5 CbgCi eq- 

15 _ 

I6 _ 

17 _ 

14 _ 

19 _ 

20 _ 

21 _ 

22 _ 

23 _ 

24 _ 

25 _ 

26 _ 

27 _ 

28 _ 

29 _ 

30 _ 

DRILLrNG CO.: i?wtatt - b&\<C BAKER REP.: 9 t\MwAf-Lr 

DRILLER: GCa ’ . v\StvrQ BORING NO.: I‘c\h\?s 45 n SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: -~f~~.-t:~~~;1:~~i 54:j\kA\l T-v\- stu. Air:soaw-l;MQ PlwA ,1 0 ‘e 

CT0 NO.: 323 BORING NO.: ’ MM? ,ss-sp, 

COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASMG: 

UG: I I I ___. -- 

%!32. . 
1 SPLIT 

‘i 
i 

TALL I 30” 

-i iTICK UP I 

AJO sp/:i ‘=pjch*tt t :;c\...,i; icr, !,%>q.Cp. C:n’ c.;:*Qi3 

SAMPLE TYPE Well Diam. Type Top Bottc 
Information Depth Dep!? S = Split Spoon 

T = Shelby Tube 
R=AirRomy 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston 

N = No Sample 

Lab 
ID 

No. 

PID 

(mm) 
Depth 

(ft.) 
SZlIllp. 

Type 
and 
No. 

SPT 

R;D 

Well 
Installation 

Detail 

- 
Elevation 
(ft. MS- ’ Visual Description 

s- 

6- 

I _. _. 

/ 

/ 

/ 

1 ! 
I I 

I I 

_ ,’ ,’ _,.- _,.- 

1 

_ . . /  

1 

_- 
, 

, 

, 

c 

,.’ 

/ 

, 

/ 

/ 
/ 

L q Match to Sheet 2 .’ 

DRILLING CO.: -kt Y.-at:* - NO\ Cf BAKER REP.: J;eo zrwwQ,~vuQL4 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

SAMPLETYBlE 
S = Split Spoon A = Auger 
T = Shelby Tube W-Wash 
R=AirRotary . C = Core 
D = Denison P = Piston 

Depth 
m 

11 _ 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

18. _ 

19 - 

!O _ 

1 
samp. 
Type 
and 
No. 

=NoS 
samp. 

pii 
%) 

I. 

Lab 
ID 
No. 

DEFINITIONS 
3PT = Standard Penetration Test (ASTM D- 1586)(Blows/0.5~) 
RQD = Rock Quality Designation.(%) 
PID = Photoionization Detector 
ppm = parts per million 

Visual Description I Well 
Installation I 

Elevation 
,_ . .-_ . 

Continued from Sheet 1 

Detail (It. MSL) 

I / 
/ .,l 

-1 



SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

Depth 
(fi-1 

- 
il _ 

II 
N 

32 ,32 
c 
!- 
-.- 

53 _ --I 
T 

14 _ 

$5 _ 

6- 

7- 

8. _ 

9- 

O- 

l- 

‘2 _ 

‘3 _ 

4- 

5- 

16 

7- 

.8 _ 

9- 

O- 

DRILLING CO.: ?a-rP&k - m\ cc 

DRILLER: 

F =NoSe 
samp. samp. 
Tfle Rec. 
and (ft. & 
No. %) 

l& 
SPT 

R;D 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Lab 
ID 

No. 

DEFINITIONS 
3PT = Standard Penetration Test (ASTM D- 1586)(Blows/O.S’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
ppm = parts per million r 

1 I 

Visual Description 
Well 

Installation 
Detail 
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m TEST BORING AND WELL CONSTRUCTION RECORD 

PROIECT: TQ&.tab’,\:C\f s+,~& ~tn-~:~\sc ik- &)a<,-&;WQ 13\UWt, p> J 
CT0 NO.: 323 BOR&G NO.: Mti3546Is 
COORDMATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

UG: I WATER 
pRo&ys WEATHER DEPTH TIME 

. 
(FT.1 

4% 8’2. 
DATE 

sTEN CASING AUGERS 
CORE 

BARREL 

XZE (DL4h4.) l-318” bV4 7-9-v, 
.ENGTH 2.0 5’ 

XPE Std. 1-rSk-l 
IAh&fER WT. 140 lbs. 

FALL 30” 

TICK UP 

- 

=- 

- 

- 

- 

Well Diam. Type Top Bottom 
Information Depth Depth 

w  w  

Riser 2.0” 
Schedule 40 , 
PVC 

; c C’ d. .) - 2 Q ’ 

Screen 2.0” 
Schedule 40 
0.01 Slot 

m 7 b-1 0’ -!2,Q’ 
I 1 

S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston 

N = No Sample 

SPT 

$D 

-EiF 
@pm) 

Lab 
ID 
No. 

Depth 
(ft.) 

GXIlp. 
-RF 
and 
No. 

samp. 

g 
o/o) 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

l- 

2- 

3- 

6- 

7- 

8 8.C 

9, 

10 10.~ 

t 

DRILLING CO.: ~-&~vatk-b\?Sr\CC BAKER REP.: 3. E. ‘2~‘kvdm~ n\n 

, DRILLER: G. Laws; yvc.3 BORING NO.: Mw354dA SHEET 1 OF 



I mi 
TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

11 

12 

17 

23 

24 

25 

26 

27 

28 

29 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

Depth 
@) 

samp, 
Tw 
and 
No. 

5-2 
__-... 
ICI-h 

=NoI 
samp. 
Rec. 
@.a 

%) 

x 

35% 

lple 
SPT 

LmH 
I 
24 

Lab 
ID 
No. 

- 

PID 

@Pm) 

DEFINITIONS 
m 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
ppm = parts per million 1 

Visual Description 
Well 

I 
Installation 

Detail 

- 

DRILLING CO.: ?at. Ka t-t - bx, \SC BARER REP.: 5. Fa 21 WV..-,Q~‘\MQV\ 

DRILLER: G, C3nS~~S BORING NO.: MW354bA SHEET2OFm 



- 

-- TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Ti&~+.a~,(,.+-( S+u&l Ln- S:tu fl;C SGo.~Q,;v\Q P\umP, P 

CT0 NO.: 32’3 BORING NG.: k&&i4GQ, 

COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

SAMPLE TYPE 
S = Split Spoon A = Auger Information Depth Depth 

T = Shelby Tube W=Wash (ft.> w 
R-AirRotary C = Core 

D = Denison P = Piston Riser 2.0” 
Schedule 40 
PVC t3.0 - 22.6.0 

N = No Sample 
Screen 2.0” 

Schedule 40 
0.01 Slot --i&.0 -3i.Q 

Depth samp. Samp. SPT Lab PID 
Well 

w TYPe Rec. or 
and (ft. & RQD :. 

@Pm) Visual Description Iustall3tion 
Elevation 

Detail 
(fk. MSL) 

No. %) 
.N 2 ._ ~~~_ 

1 
-IQ fl-f--J - - -5As 

_ ‘------ __.. - ____ -.-___ - _....-.-. -.. ..-..- ---- -/- ,./ 

I ,i 

?ERT MtATEgc\vA~ c&J\ --*‘., 
CQN.‘--Qb -k 

/“/ Tern 
d--po’;x+, t,aow3 - ’ ,’ 

1-1.------- --~.- ---~. I / 

-/ ,; 

.’ _,.’ 

Match to Sheet 2 .A ,A 

DRILLING CO.: Por+a+wt- km\ cf BARER REP.: J. E. ;! I\Mb%~a-~cl LA 

DRILLER: G La\n5\‘v\y . BORINGNO.: Mti3568 SHEET 1 OF 3 



PROJECT: 
CT0 NO.: 

TEST BORING AND WELL CONSTRUCTION RECORD 

m 
T$ut3b;\;fq S+uxy ?i.~,-Siu i&r %cmrQiv\U P\uwQ. a 

BORING Nd.: M~3S4b& 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R=AirRotaq 
D = Denison 

Depth 
(fi.1 

11 I/,( 

12 _ 

13 I3A 

14 _ 

15 15.1 

16 _ 

17 I?.( 

18. _ 

19 I?.’ 

20 _ 

21 a.~ 

22 _ 

23 -?3 

24 _ 

25 -a 

26 _ 

27 -2J 

28 _ 

29 -a 

30 -L 

A = Auger 
W=Wash 
C=Core 
P = Piston 

ab 
D 
JO. 

.--. -- 

_~ 

-.__-- -. 

-_-.- 

PEFINITIONS 
;PT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
tQD = Rock Quality Designation (%) 
‘ID = Photoionization Detector 
~pm = parts per million 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

DRILLING CO.: % d&s. - b.b\ +? BAKER REP.: 3, c* L~b.4lwQrwa.M 

DRILLER: 6. cavA\L\ q BORING NO.: flhb?i=hi-& R SHEET 2 OF__ 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: T&,atah;(;+q 5+&q -l&- q:iu %c =%~o.rq;v\q p\wwQ, i? 

CT0 NO.: 373 BORING NO.: ’ hlJJ=546R 

COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: TOP OF PVC CASING: 

. > “ . .  ,  

IAMMER WT. 140 liis. 

iALL 30” 

Well Diam. Type Top Bottom 
Information Depth Depth 

(ft.) (W 

Riser 2.0” 
Schedule 40 
PVC t3.0 - 26.~: 

Screen 2.0” 
Schedule 40 
0.01 Slot --&.cl - -3L.Q 

I 

W=Wash 
C = Core 
P = Piston 

T = Shelby Tube 
R=AiRotaty 
D = Denison 

N = No Sample 

Depth samp. --r w TYPe 
and 
No. 

Lab 
ID 

No. 

SPT 

R;D 

samp. 

(y-i 
%) 

Well 
Installation 

Detail 

Elevation 
(ft. MSL) 

1 I,0 fl-d - 

2- 
S-r 

3 3-c) ~- .-- 

4- 
s-2 

5 so -- 

6- 
5 3 

7 -ltQ 

8- 
5-4 

9 %Q __.. 

10 _ 
s-s 

_- . - . .__  

_. - . - . _ - .  



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

Depth 
(ft.) 

11 II.< 
12 

13 13s 

J 
14 

15 Ir;.! 

16 

I7 I -2 

+ 
18, _ 

19 -fl: 

20 _ 

21 -* 

22 _ 

23 _ 73 

24 _ 

25 -251 

26 _ 

27 -21 

28 _ 

29 -a 

30 _ 

-. 

1 

- 

^_ 

t 

f 

- 

) 

- 

1 

I- 

..-- 

_- 

-- .- 

-- 

Lab 
ID 

No. 

;PT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 1 
XQD = Rock Quality Designation (%) 
?ID = Photoionization Detector 
lpm = parts per million 

T 

Visual Description I Well 
Installation 

Elevation 

Detail (ft. MSL) T 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE PEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5~) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R-AirRotary C=Cae PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Sarnp. SPT Lab PID 
(R) Type Rec. or D @pm) 

Well 
Visual Description Installation Elevation 

and (fi. & RQD No. 
Detail (ft. MSL) 

No. %) 

11 31.0 5- (5 lOO”i/c Z -_-- ,.---- . . ._ _.._ ..-.. _.. 

i.2 -& hJ - -- 
- -.-- -_----... -.-- . .._^__. ._- 

ch 

53 _ 

-l-b: x2.0 CbqP) \ watt 
54 _ e\YL 

35 _ 

6- 

7- 

8. _ 

9- 

O- 

.I _ 

‘2 _ 

;3 _ 

4- 

5- 

!6 _ 

7- 

‘.8 _ 

‘9 _ 

0-J 

DRILLING CO.: Rt-y 73t.t;- tie ( ff BAKER REP.: J: E. Z~wwarw AtA 

DRILLER: 6. Ca&tn Q BORINGNO.: MW35468 SHEET 3 OF3 



m TEST BORING AND WELL CONSTRUCTION RECORD - 

PROJECT: Tcuat,~~tk\‘C~( sL& TV? - 3;: u l/ql~ ~OQyq\\;nQ, ‘?l\Jvvv& % 
323 BORING NO.: 

4 
CT0 NO.: Mw354-7A 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASMG: 

RIG: 

DATE 1 rn’ 
I ““3GRESS WATER 

I 
(FT.1 

WEATHER DEPTH e 

(FT.1 I 

. I 
3 a\ CL c-Q\\ a_c..tc d’ 

Well 1 Top 1 Bettor 
S = Split Spoon 
T = Shelby Tube 
R=AirRo&uy 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston 

1 Depth I Dwm 

Riser 

N = No Sample 
Screen 

Lab 
ID 
No. 

Depth 
uv 

samp. 

z 
No. 

samp. 

(gzi 
%) 

- 

SPT 

R;D 
Visual Description Elevation 

1 (R MSL.1 

5- 

6- 

7- 

8- 

9- 

10 _ 

DRILLING CO.: ?a+ t>tk - ti d cc BAKER REP.: J. E, 2~4 vm P~VVULW 
DRILLER: 1 : BORING NO.: . SHEET 1 O& E/\U% 47 n 



- 

I 

I 

7 

- 

- 

-- 

- 

-- 

- 

~- 

- 

v- 

_ 

- 

- 

c 

- 

- 

i. 

- 

‘. -- 

. . 

m 
TEST BORING AlVD WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube . 
R=AirRotary 
D = Denison 

Depth 
vu 

II _ 

12 _ 
-17.5 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

1s. _ 

19 _ 

20 _ 

21 _ 

22 _ 

23 _ 

24 _ 

25 _ 

26 _ 

27 _ 

28 _ 

29 _ 

30 -L 

1 
samp. 
Tw 
and 
No. 

A = Auger 
W-Wash 
C = Core 
P = Piston 

Lab 
ID 
No. 

PID 

@pm) 

PEFINITIONS 
;PT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
rQD = Rock Quality Designation (%) 
‘ID = Photoionization Detector 
Ipm = parts per million 

Visual Description I Well 
Installation Elevation 

Detail (ft. MSL) 

Continued firm Sheet 1 
;I:: 

_ :A;’ 

I DRILLER: G.La~\skq BORINGNO.: t’4~3347r9 SHEET 2 OF 



TEST BORING AND WELL CONSTRUCTION RECORD 

liQ+Q~Yj\ji\~.i ‘4 > ‘; ; i), d*r S\T a’\ T (3Q9QI:\;,~ F!i.lWn-\Q, p, 
Ip 

PROJECT: .-c, .a. 

CT0 NO.: 373 B&ING NO.:& ' (v7l.Q 3q 4,7. (?: 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: E 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston 

N = No Sample 

Depth 
(ft.) 

& 
TYPt 
and 
No. 

samp. 
Rec. 

@.& 
%) 

SPT 

R;D 

Lab 
ID 
No. 

PID 
@pm) 

Well Diam. Type Top Bottom 
Information Depth Depth b 

Riser 
2.0,, Schedule 40 

PVC 

Screen 2.0” 
Schedule 40 I 
0.01 Slot c Zf, $3 -3, c.0 

Well 
Installation 

Detail 

Elevation 
(ft. MSL) r 



-- 

I  

-- 

- 

- 

- 

- 

- 

TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D- 1586)(Blows/O.S) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R=AirRotaq C = Core PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Samp. SPT Lab PID 

@*I Tme Rec. or ID @pm) 
Well 

and (ft. & RQD No. 
Visual Description Installation Elevation 

Detail (ft. MSL) 
No. %) 

Continued from Sheet 1 I 
,’ 

Lo\ t-r rs,CeQ. 5tLL. ,, i: 4 4:Q. 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

Depth 
(ft.) 

I1 _ 

$2 32.4 

53 _ 

54 _ 

?I5 _ 

6- 

7- 

8% - 

9- 

O- 

l- 

'2 _ 

'3 _ 

4- 

5- 

!6 _ 

7- 

‘8 _ 

.9 _ 

O- 

P 
samp. 

‘Me 
and 
No. 

S-d 

=No Si 
samp. 
Rec. 
(ft. & 

Lab 
ID 
No. 

A- 
4 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
1pm = parts per million r 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) r 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 7-b.“clt.a.h;,\\‘~~( Siu.&l ‘I:~- SC. ‘\,K \\’ ,\‘c + r c;o\ q.“‘>Q p\;&QlQ. y> 

CT0 NO.: 323 BORING NO.: ’ p\m3’c: L”t.Rp\i\ 

COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

T = Shelby Tube 
R=AirRotary 
D = Denison 

N = No Sample 

Visual Description 

DRILLING CO.: % Tv-atk- bJo\cc BAKER REP.: 3. E. Z;k%aqQ,.t\MA\h 

DRILLER: ,. &w5 ; V-Y 9 BORING NO.: MW354-8 ti SHEET I OF 2 J 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotaxy C = Core 
D = Denison P = Piston 

Depth 
(fi-) 

II _ 

12 _ 
12.5 

13 _ 

14 _ 

I5 _ 

16 _ 

17 _ 

18. _ 

I9 _ 

20 _ 

21 _ 

22 _ 

23 _ 

24 _ 

25 _ 

26 _ 

27 _ 

28 _ 

29 _ 

30 _ 

1 
samp. 
Twe 
and 
No. 

=NoS 
samp. 
Rec. 
(ft. & 

%) 

lple 
SPT Lab 

ID 
No. 

PID 
@Pm) 

3PT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 1 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
?pm = parts per million T 

I I 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) T 

T 
P 
T 
T 
P 
T 
T 
T 
T 
T 
T 

- 

R T ?T 2t\MwQth,m.\PI 
m 

DRILLING CO.: cl-aCt -Lx,\ BAKER REP.: 

DRILLER: -3. t.amc: \~\9 BORING NO.: t-l-tw3,S48A J SHEET 2 OF m 



- 

- TEST BORING AND WELL CONSTRUCTION RECORD 

- 

- 

- 

-- 

-- 

- 

PROJECT: -h~~-&$\,‘+~ ‘%A&{ -b-b- ::,;ti~ \?:P %Ckt r,&\Q ~:jkJ'M% F: 

CT0 NO.: 323 : BORINti NO:: ’ Mti 3s 48 2, 

COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

DRILLING CO.: --kvv3k.t>- tdo\ c f BAKERREP.: J: E, ‘z * cvMmet\u\O,~ 

DRILLER: G. Canttkq BORING NO.: MW3548R SHEET I OF 3 



I Ic 
TEST BORING AND WELL CONSTFtUCTION RECORD 

PROJECT: 
CT0 NO.: 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R-AirRotary 
D = Denison 

Depth 
(fi-1 

samp. 
Type 
and 
No. 

z-2 

t-4 

5- 3 

b-4 

5-4 
--_ _.. 

Id 

5-5 

nl 

N 

- 

- 

-_ 

-_ 

_. 

A = Auger 
W=Wash 
C=Core 
P = Piston 

Lab 
ID 
No. 

._ _-_-. 

. .._~... 

-.. 

_... “.-. 

DEFINITIONS 
$PT = Standard Penetration Test (ASTM D-1586)(Blows/O.S) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
3pm = parts per million T 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(f-t. MSL) T 

DRILLING CO.: nrtatt e Ik,s&C BAKERREP.: x c.. ?wvwow~i,~~ 
m 

DRILLER: G . Cauls’1 *cl BORING NO.: Mu35 48, R SHEET 2 OFa 



- 

i’ 

+ 

- 

- 

- 

- 

I  

7 

- 

- 

- 

_ 

- 

- 

- 

- 

7 

- 

TEST BORING AND WELL CONSTRUCTION RJICOR-J) 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R-AirRotary 
D = Denison 

Depth 
(ft.) 

II _ 

12 37jj 

i3 _ 

34 _ 

35 _ 

6- 

7, 

8 _ 

9- 

O- 

1 _ 

‘2 _ 

‘3 _ 

4- 

5- 

!6 _ 

7- 

‘8 _ 

9- 

O- 

P 
iamp. 

Type 
and 
No. 

j-6 

NoSi 
&Imp. 
RX. 
[ft. & 
%) 

\,b< 
.-gc 

3c$4 

pie 
SPT 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Lab 
ID 

No. 

PID 
bvm) 

PEFINITIONS 
PT = Standard Penetration Test (ASTM D-1S86)(Blows/O.S’) 
:QD = Rock Quality Designation (%) 
ID = Photoionization Detector 
pm = parts per million 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

DRILLING CO.: +& &+.t.. . ” ti ca\ CT BAKER REP.: 3. &. -&-w~,~~n.n 

DRILLER: G. khc3;ncl BORING NO.: Plm3s40pj SHEET 3 OF 3 



= TEST BORING AND WELL CONSTRUCTION RECORD - 

I 
PROJECT: -T~o,~!,~\\3;t’t‘i ‘;i&fL, -I\?. 5dA.l.,I,. Ci*T ~Qbjr\F‘cA;v\q Pl\,Wcl. 8 

CT0 NO.: 323 BORING NO.. ’ p-1 &.I 3? 4-q PI 
COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: TOP OF PVC CASING: m 

I I I 

:IG: 

w-2 DATE 
WATER 

PRoGRESS WEATHER DEPTH TIME 

I 
SPLIT 

(FT*) VI-.) r 
CDnnN 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston 

N = No Sample 40 

I , “.“I “,“I - 2.a -\2.CJ 

Depth 3Zilllp. samp. SPT Lab 
Well 

(ft.> Tw Rec. 
and (ft. 6% RGD 

ID 
No. 

Visual Description Installation 
Detail 

No. %) 

--I I 

l- 

2- 

3- 

4- 
4-Q - 

5- 

7- 

8 8.c _.- -. 

9- 
s- \ 

k3 

IO IO.1 25% -._ .~. 
s-2 453 

DRILLING CO.: 

DRILLER: G, Laif&+ 

we’1 Information IDiamjTpe 4. i+f$ iyizL 

BAKER REP.: x & ~MAMCX vw &VY 

BORING NO.: r\lw ?54-9r\ SHEET 1 OF’- 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T =, Shelby Tube W=Wash 
R =: Air Rotary C = Core 
D =: Denison P = Piston 

Depth 
(fi.) 

11 _ 

12 1z.c 
Jz: 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

18. _ 

I? - 

20 _ 

21 _ 

22 _ 

23 _ 

24 _ 

25 _ 

26 _ 

27 _ 

28 _ 

29 _ 

30 

I 
samp. 
Tme 
and 
No. 

s-2 

VI-N 

=NoS 
kllp. 
Rec. 
(ft. & 

%) 

&. 

44% 
- 

----_ 

.ple 
SPT 

KTD 

:. 

2 
- .--.-._. _ 

Lab 
ID 
No. 

PID 

iv4 

DEFINITIONS 
;PT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
kQD = Rock Quality Designation (%) 
‘ID = Photoionization Detector 
,pm = parts per million 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

- 
DRILLING CO.: -w&k - h&S BARER REP.: 37 c,1 ??&wwwx\h 

DRILLER: . Caeikq BORING NO.: Mw3SWA J SHEET 2 OF 2 



TEST BORING AND WELL CONSTRUCTION RECORD 

m 
PROJECT: -;ra.n\. ‘a&\,‘+k[ y;j ,J.Z\\., 3 v\ ,. ‘-&<iL.J. flilf- C.,~.\cl~4::nQ t 3!‘,,,\-,,p, ~ CA., 

CT0 NO.: 3-J 7 BORINGNO.: d ’ MKJ~J~~~B 

COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: TOP OF PVC CASING: 

S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

Depth 

(ft.> 

I_ 

2- 

3- 

4- 

6- 

7 7.0 

8- 

N = No Sample 

samp. samp. 

Type Rec. 
and (ft. & 
No. %) 

- 

SP’I 

R;1 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Lab 
ID 

No. 

PID 

@pm) 

t-2 ‘,<\.. . 
I 

Well Diam. Type Top Bottom 
Information Depth Depth 

o--Q (W r 

Riser 2.0” 
Schedule 40 
PVC t31.3 - 2d.O 

Screen 2.0” 
Schedule 40 
0.01 Slot 

/ 

/ 

/ 

.’ 

/ 

2 

/ 

,- 

-.’ 

, 

, 

/ 

, 

/ 

5 

,’ 

_- 

,’ 

. . . 

, 

m 

I 



- 

TEST BORING AND WELL CONSTRUCTION RECORD 

S = Split Spoon 
T = Shelby Tube 
R=AirRotary 

SPT = Standard Penetration Test (ASTM D- 1586)(Blows/0.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 

Visual Description 

DRILLING CO.: ‘FIL* $Q tL, - ma\ Cf BAKERREP.: r F. &v,~l\c9w,m~ 

DRILLER: BORING NO.: fiti 3,+&q e, SHEET 2 OF ‘1. 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROWCT: 
CT0 NO.: 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

Depth 
(fi.1 

31 - 

32 m-z 32t 

33 _ 

34 _ 

35 _ 

6- 

7- 

8 _ 

9- 

O- 

I _I 

‘2 _ 

‘3 _ 

4- 

5- 

:6 _ 

7- 

‘8 _ 

9- 

O- 

1 
samp. 
Tfle 
and 
No. 

5-6 

=NoS 
samp. 
Rec. 
(ft. & 

%) 
11 
9 
’ zsc 

90% 

* 
SPT 

RZD 

m 
13 
15 
\8 ---- 

Lab 
ID 

No. 

T 
I 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 

T 
& 

Elevation 
(ft. MSL) I 

7 

ppm = parts per million 

Visual Description 
Well 

Installation 
Detail 

m 

I 

T 

T 

T 

T 

T 

T 
T 
T 
T 
T 

BAKER REP.: J: E. &,,Mu V:W\~M 

BORING NO.: a SHEET30F’ 

DRILLINGCO.: Thwa&- tio\$f 

DRILLER: G. t..amLq 
i 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: -fFqh4, aip:.,;\:i.~.~ .y',! .r.i~k, "![;.q,- :.kttr. A\? so** QI'v\Q P\rJL*v~C. t?b 
2 

CT0 NO.: 3 2?1 BORING Nb.: MW35SOk? 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

R = 14ir Rotary 
D = Denison 

N = No Sample 

Visual Description 

DRILLINGCO.: %vtatt--~Q\fC 

DRILLER: G, I an5-q 

BAKERREP.: J: &. 2wtw\QC.wa.~\ - 

BORINGNO.: MW?a5%3fi SHEET 1 OF “L 



TEST BORING AND WELL CONSTRUCTION RECORD 

W 
PROJECT: -F ’ 7 \W 
CT0 NO.: 323 BORINGNO.: t4w?SSan 

r SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R=AirRotaq 
D = Denison 

Depth 
w  

11 _ 

12 1Z.C 

_ g< 
13 - 

14 _ 

15 _ 

16 _ 

17 _ 

18. _ 

.9 _ 

!O _ 

!l 

!2 _ 

!3 _ 

14 _ 

:5 _ 

:6 _ 

:7 _ 

.8 _ 

9- 

O- 

samp. 

Tw 
and 
No. 

s-2 
.--.-. 
4-d I 

=NoS 
samp. 
Rec. 
(ft. & 

%) 

y 
2%0 

fjs”4 

lple 
SPT 

R;D 

Luor ,- 
W“ 
- _ _ 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Lab 
ID 
No. 

w 
DEFINITIONS 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) I 

RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
ppm = parts per million T 

Well 
Visual Description Installation T Elevation 

Detail (ft. MSL) 

DRILLING CO.: Pawatk. - No\ cc BAKERREP.: J: E. z;w\wo,w~w 

DRILLER: G * k&&m BORING NO.: w?w3ssQ\-? SHEET 2 OFti 



e-- 
TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: Tr~otabLtLb-4 5tdi1 Tn-S;+\h. Akr 213 rq‘fir~ Piuwc I3 
CT0 NO.: -2 23 BORINGaNO.i.‘ MW?r !iaA 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

+-, 

DATE PROGRESS 

SPLIT CORE (FT.1 
SPOON 

CASING AUGERS BARREL 

I-318” 6YC’ 7-11-96 a- 32tQ 
2.0 5’ 
Std. ktS\~ 

140 Ibs. 

XZE (DIAM:.) 

2ENGTH - 

mPE - 

HMMERFVT. 

:ALL - 

iTICK UP - 

! ! 

I I 

- b\c.Ju.. \sa c k.q t a’*t’; d i s . 4 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R = Air Rotary C = Core 
D = Denison P = Piston 

N = No Sample 

VW%. 

Well Diam. Type Top Bottom 
Information Depth Depth 

uv m 

Riser 2.0” 
Schedule 40 
PVC t 3.Q -2ca.o 

Screen 2.0” 
Schedule 40 
0.01 Slot -26.0 - 3\.a 

Well 
Visual Description Installation 

Elevation 

Detail 
(ft. MSL) 

;r, 

5-T 

RZD 

Lab 
ID 
No. 

kllp. 
Rec. 

CR& 
o/o) 

PID 

@Pm) 

samp. 

TYPe 
and 
No. 

Depth 

(fi-> 

2- 

- 
3- 

-4 
/4-h) 4 

4- 

6- 

7 zc 

8- 

9- h.l 
-4 
/ .4- 

10 -& -~__ 
s-2 2L.e ,4/r4 

DRILLING CO.: “3av v 3 tk -- tiQ\ $ f BAKER REP.: J; E. 2&v,,, erws M 

DRILLER: G. Cav\s;m?s BORING NO.: t-?b.b355Qti SHEET 1 OF3 

1 



TEST BORING AND WELL CONSTRUCTION RECORD 

E 

E 

DEFINITIONS I SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

SPT = Standard Penetration Test (ASTM D- 1586)(Blows/0.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
,pm = parts per million 

’ 

!ple 
SPT 

RTE 

s.ii-ii 
V-P 
and 
No. 

Visual Description 

I 

I Well 
Installation 

Detail (fi. MSL; 

Depth 

(fi.) 

Lab 
ID 
No. 

PID 
@Pm) 

1 I_ 

1 2 E 

1 3- 

1 4- 

1 5 -5 

1 6- 

1 7 __ l-L< 

1 8. _ 

1 9- 

2 0 20s 

2 I- 

2 2 22.8 

2 3- 

2 4- 

2 5 -!5. 

2 6- 

2 7 ,a 

2 8- 

2 9- 

3 0 .30( 

5-3 

5-4 

_ - - .-. 

ti 

s-5 

ti 

DRILLING CO.: -i&v att - wer \ff BAKER REP.: XL-2 - \vaw wwn\h 

DRILLER: s. Lav\t’\m BORING NO.: M\h) .3550 e, SHEET 2 OFti 



TEST BORING AND WELL CONSTRUCTION RECOR-D 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R = 14ir Rotary C = Core PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Samp. SPT Lab PJD 

(fi-1 Type Rec. or 
and (ft.& RQD :. 

@pm) 
Well 

Visual Description Installation Elevation 

Detail (ft. MSL) 
No. %) 

‘1 _ 

12 _ 3zc!~ Gg40 t 7, I . 

13 _ SCw&LvY 

;4 _ 
-‘i-b: 32s~’ Qqi) 

- UAQAC 

$5 _ 
P-q 

6- 

7- 

8. c 

9- 

O- 

I- 

‘2 _ 

‘3 _ 

4- 

‘5 _ 

:6 _ 

7- 

‘.8 _ 

9- 

O- 

DRILLING CO.: T&v-at.zt - mO\Tc BAKER REP.: J.E. z ;~~-Q~vIc\c&LQ 

DRILLER: G. ka\ns;v\q BORINGNO.: tiw35508 SHEET 30F3 
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; PLUME C ---- 



TEST BORING AND WELL CONSTRUCTION RECORD 

TYa\ay&!:l+..( c’,lcb:q TV\-% ;C\k ull ic 7 cf& ( Q ;s,n (2 \ a-7 
PROJJXT: v 1 ‘kI *.-\q I, 

37 ? BORING NO.: + d CT0 NO.: MWW55\@ 

COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: TOP OF PVC CASING: 

DATE PROGRESS 
WEATHER 

SPLIT 
CASING AUGERS BFgL 

(FT.1 

SPOON 

1 
Well Diam. Type Top Bottom 

Information Depth Depth 

m @J 

Riser 2.0” 
Schedule 40 
PVC + $.*3 - 24 Q 

Screen 2.0” 
Schedule 40 ” ‘i h 
0.01 Slot ,L Y .-I -’ ‘& , Q 

Well 
Visual Description Installation 

Elevation 

Detail 
(ft. MSL) 

S = Split Spoon 
T = Shelby Tube 
R = Air Rotary 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston 

N = No Sample 

PID 

@pm) 

samp. 
Rec. 
(ft. & 

%) 

Depth 

(ft.) 

samp. 

TYPe 
and 
No. 

d-d 1 ‘*Q 

2- 

3 3.0 

4- 

5 5.c 

6- 

7 7.0 

8- 

9 ?.c 

10 _ k.0 \~iC\cL -sa.~hA, c&T.@- 
qwh:v\a d. 

,/ 

Match to Sheet 2 ,. s-5 

DRILLING CO.: -?ar tatt - h-1 f C- BAKER REP.: .TE. zl(mc.m~rnAab. 

DRILLER: a. -&L~L BORING NO.: Mw3551.5 SHEET 1 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD_ 

$ 
SPT = Standard Penetration Test (ASTM D-1586)(Blows&.~~) 
RQD = Rock Quality Designation (%) 
PKD = Photoionization Detector m 
ppm = parts per million 

I 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

n& 
SP7 

R$ 

-ix 
ID 

No. 

--- 

- - ._ 

-,. .-.. - 

- .._.._ - 

-- 

-- 

Depth 
m 

11 -n. 

12 - 

13 -5 

14 _ 

15 J$.c __ 

16 _ 

17 _ & 

18. _ 

19 ,py 

!O _ 

!l 27. _ 

!2 _ 

!3 -23. 

!4 

15 2s.c 

16 _ 

!7 21.1 

!8 _ 

!9 2% 

O- 

samp. 
Type 
and 
No. 

. 

1 

“_. .I 

._ ._ 

Visual Description 
Well 

Installation 
Detail 

Elevati? 
(ft. MS ’ 



ra= 

L-m 

TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE pEFINITION$ 

S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows10.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R = Air Rotary c=core PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Satnp. SPT Lab PID Well 
(ft.) Type Rec. or m @pm) Visual Description Installation 

Elevation 
and (ft.& RQD No. Detail 

(ft. MSL) 

No. %) 
~ntulued from shy:&. lc,;, &- 

b 1 -3,. 5-G 90~ $ *Ye stqwo, fx’vc gm:-c4, 
_,_ .___ J? _. .____,__ _ ___ _,.__,__ ._.__._._-..__ ___ .__ __- __.__ . . ..t. ~_c..c!: c.~au:-!l?ca.?=\ mbl. 

C-vld c,F Bor;~-y 

;2 _ 
7-o: 51.0’ (69% ) 

;3 - 

34 _ 

55 _ 

6- 

7- 

8. _ 

9- 

O- 

l- 

‘2 _ 

‘3 _ 

4- 

5- 

,6 _ 

7- 

8- 

9- 

OF 

DRILLING CO.: Tv-c-o-t+. - ha\ cc 

DRILLER: R, RUSh 

BAKER REP.: JTE. 2 ~~V-vlQrwa~ - 

BORINGNO.: t7ti35518 SHEET 30F3 



TEST BORING AND WELL CONSTRUCTION RECORD 1 

I 
Tw-at ab;\ :C.d 2! L\.A,.s xc-1-. IT-;; ,A,., 

- 
PROJECT: fi; q- + p\:.,., ,/. , o.,, Cd C r~.p ~i~..-~q 

CT0 NO.: 
223 

COORDINATES: E&T:’ 
BORING NO.: - MlQSSSZti --- 

NORTH: - 

ELEVATION: SURFACE: TOP OF PVC CASING: 
W 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R-AirRotary 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Depth 

(ft.) 

samp. 

Trpe 
and 
No. 

samp. 
Rec. 
(ft. & 

%) 

SPT 

R;D 

Lab 
ID 

No. 

I_ 

2- 

3- 

4- 

5 f.Q 

6- 

-_ 

-...-.. 

7- 

8- Al 

9- 

IO _ 

DRILLING CO.: -&w-.&c+.‘ t3~\ cc 

DRILLER: -z-t fh%h 

N = No Sample 

PID 

@pm> Visual Description 
I 

/ / 
I I 
/ / 
_,* _,* 

ULAgcLr to 5d<Gys) -’ ULAgcLr to 5d<Gys) -’ 
, , 

I I I I 
1 1 I- I- 
! ! 

- __.- + - __.- + -___--- ..-. _, -___--- ..-. _, 
,’ ,’ 
,/ ,/ / / I I / / 
,/’ ,/’ 1 1 , , ,’ ,’ 

Well 
Installation 

Detail 

/ 

Elevation 
(ft.MSL) 

r 
r . 
r ., -’ ,- 

, ,,2’, WC r 

..A 
‘/ r ic,GJ 

A’. r . / I I / , / 
I / 

/ 
I 

9 Match to Sheet 2 ( 

BAKER REP.: -I E -2IvwL,n~wmQl4 

BORING NO.: t--‘l w =i55211 SHEET 1 OF -a 



m 
TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: 
CT0 NO.: 5 I T I I INITIONS 

;PT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
XQD = Rock Quality Designation (%) 
‘ID = Photoionization Detector 
qnn = parts per million 

I 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary ’ C = Core 
D = Denison P = Piston 

-- 

- 

=- 

~- 

lple 
SPT 

R;D 

=NoS 
samp. 
Rec. 

@-a 
%) 

1 

samp. 

Type 
and 
No. 

-- 
Depth 

w  

- 

11 _ 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

18. _ 

19 _ 

20 _ 

21 _ 

22 _ 

23 -zj> 

24 _ 

25 _ 

!6 _ 

!7 _ 

!8 _ 

29 _ 

I0 -- 

Lab 
ID 

No. 

Well 
Installation 

Detail 

Elevation 
(ft. MSL) 

Visual Description 

Continued from Sheet 1 / 
I , 

I 1 
I 
I 

I / 

hJ 

- 

- 

DRILLING CO.: av v-a’&- &x&c BARER REP.: 3; F. &/wwevv,na\n 

DRILLER: BORINGNO.: H~u’3552t4 SHEET 2 OF ; 



TEST BORING AND WELL CONSTRUCTION RECORD _ 

PROJECT: TFCt.CLt.~t~~~iC~ Xhh.d\: Tul- C,iiU. \-liC C;QC%tQ*:V?Q P!Uvy\% C. 
CT0 NO.: 322 BORING NO.: hti33552ZB 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

- 

I 

_ _- 
- 

SAMPLE TYP4 
S = Split Spoon 
T = Shelby Tube 
R=AirRotaxy 
D = Denison 

Depth 
m 

2- 

3- 

4- 

5 5.0 

6- 

7 7.0 

8- 

9- 

10 l0.c 

SmF samp. 

TYPe Rec. 
and @& 
No. %) 

Ill-h 

“;-I 

ti 

s-2 

N = No Sample 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Lab 
ID 
No. 

PID 

Qw> 

Well Diam. Type 
Information 

I I I 

Riser 

, (ft.1 

2.0” 
Schedule 40 
PVC i T.,Q -’ -z-2.* 

Visual Description 
Well 

Installation 
Detail 

Elevation r 
(ft. MSL) - 

DRILLING CO.: -k~ v n.i C - UQ\CC BAKERREP.: r CL, 2~vwvb~~tw,Qv. -_ 

DRILLER: . LAY BORING NO.: M w  3’5,552 8 SHEET I OF- 
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m 
TEST BORING AND WELL CONSTRUCTION RECORD 

L 

1 

1 

I 

1 

1 

I 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

SAM-E TYPE =ITIONS 
S = Split Spoon 
T = Shelby Tube 
E:=AirRo&uy ’ 
D = Denison 

-- 
Depth 

(fv 

11 _ 

12 _ g. 

13 _ 

14 _ 

15 _._ IS. 

16 _ 

.7 -!L 

8. _ 

9- 

10 -29 

!I _ 

:2 ___ 22. 

.3 _ 

.4 _ 

5- ZS. -- 

6- 

7 -22 

8- 

9- 

0 -36. 

SamP 
Tme 
and 
No. 

x-2 
--- 

u. 

__. 

5-2 .r’ 
-__ 

E-J 

---- 

c-ib, 

A.1 

S-5 
-- 

d 

-z z 3 _--... 

__... 
k 
zi .--.- 

A = Auger 
W=Wash 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.S’) 
RQD = Rock Quality Designation-(%) 

C = Core PID = Photoionization Detector 
P = Piston ppm = parts per million 

Lab 
ID 

No. 

_ _ 

. . ~- __ _ 

-----... ._. 

I 1 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(fit. MSL) 

DRILLING CO.: Fbrt-act +. - Kw3\ctc BAKER REP.: T, E., 2 %4~~TvwQ.-\n 

DRILLER: BORING NO.: MW 3%2f?, SHEET 2 OF: 



PROJECT: 
CT0 NO.: 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R-AirRotary 
D = Denison 

Depth 
m-1 

:1 _ 

:2 32.c 

13 _ 

;4 _ 

15 _ 

6- 

7- 

8. _ 

9- 

O- 

I- 

‘2 _ 

‘3 _ 

4- 

5- 

,6 _ 

7- 

8- 

9- 

O- 

1 
samp. 
2 
No. 

A = Auger 
W=Wash 
C = Core 
P = Piston 

-is- 
ID 
No. 

PEFINITIONS 
iPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
XQD = Rock Quality Designation (%) 
?ID = Photoionization Detector 
)pm = parts per million 

Visual Description 
Well 

Installation 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Elevation 
(ft. MSL) t 

i 

r 
r 
r 
p 
r 
r 
r 
r. 
r 
r 
r 
r 

DRILLING CO.: &vta t&- UC&C BAKER REP.: 3; 

DRILLER: BORINGNO.: t’iW3552@ SHEET 30F:l 
re 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: -\*ion.t, ~b’,\;&\,~ -;j,.,&. .,,, *- CL . r 
‘LA” .:,,\ ’ A dir- ‘:,o~y<>.;>,5~, p\kJl&??&. c 

CT0 NO.: 37,? BORING NO.: ’ pir$‘J~~-;S 3 fi 

COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

T = Shelby Tube 
R = Air Rotary 
D = Denison 

N = No Sample 

Visual Description 

I I, 
2- 

.a 
/’ 

DRILLING CO.: Fhw a++ ,-, tE%\ c c- BAKER REP.: T E. 2 '-.-v-v% P..vm.-rk tA 

DRILLER: R. RLcYh BORING NO.: Mtr>3S;S3 d SHEET I OF 3, 



TEST BOFtING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPF 
S = Split Spoon 
T = Shelby Tube 
R=AirRotary ’ 
D = Denison 

Depth 

(fit.) 

11 _ 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

18. _ 

19 _ 

20 _ 

21 ,,- 

22 _ 

23 _ 

24 _ 

25 _ 

26 _ 

27 _ 

28 _ 

29 _ 

30 ---( 

I 
samp. 

Trpe 
and 
No. 

=No; 
G 
Rec. 
(ft. & 

%) 

l& 
SIT 

R;D 

A = Auger 
W=Wash 
C = Core - 
P = Piston 

Lab 
ID 

No. 

WINITIONS ---. 

3PT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) _. 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector m 
ppm = parts per million 

Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MS’ ’ 

Continuedfrpm Sheet 1 

DRILLING CO.: -&w-tat+. - t;so\c.c BAKER REP.: 3. E. 2r\rmwAc5vwQm 

DRILLER: $2, l3a5L _ BORING NO.: hw3553H SHEET 2 C&g 



TEST BORING AND WELL CONSTRUCTION RECORD 

I I I I 

i PROGRESS WATER 

(FT.1 
WEATHER DEPTH TIME 

m-J 

RIG: 

SPLIT 
SPOON 

CASING AUGERS 

DATE 
CORE 

BARREL 

FALL 30” 

STICK UP 

SAMPLE TYPl$ Well Diam. Type Top Bottom 
Information Depth Depth S = Split Spoon 

T = Shelby Tube 
R = Air Rotary 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston Riser 

Screen 

(ft.> (fi-> 
2.0” 

Schedule 40 
PVC + J .3 -23,,c 

2.0” 
Schedule 40 
0.01 Slot - ?a. % Q -2-j, c 

I 

N = No Sample 

SPT 

R”dD 

aat\ 
I 
r8” 

\ 

---_. 

Depth 

(ft.) 
Sap samp. 

VP Rec. 
and (ft. & 
No. %) 

Lab 
ID 

No. 

PID 

@pm> 
Well 

Installation 
Detail 

Elevation 
(!I. MSL) 

-- 

- 

-- 

- 

c 

5 S.C 

6- 

DRILLING CO.: ‘kc; r a<.+. - &JO\ c c BAKER REP.: -LE. 2 I ‘2*-- vv\ P”% t*.,4 3 L$ 

DRILLER: t-i-.., %.A?\\1 BORING NO.: F-?LQ 3553 B SHEET 1 OF 3 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary . C = Core 
D = Dcnison P = Piston 

Depth 
m 

11 _ 

12 -‘t 

13 _ 

14 _ 

15 -g 

16 _ 

17 -!: 

18. _I 

19 _ 

20 ,$ 

21 _ 

22 -2: 

23 _ 

24 _ 

25 -2y 

26 _ 

27 -T 

28 __ 

29 _ 

30 -32 

N 

5-5 

samp. 
Rec. 
@-a 

%) 
2to 

2.Q 

oo"/a 

2 
2 
2 
2 

I, 

2 

i -_.-.. 

-. 

--- 
3 
3 
1 
I 

-~-_ 

: 
9 
IO ---- 

-- 

Lab 
ID 

No. 

-.._--.- 

-.-..- 

----^ 

PID 

bm) 

w  
ITIONS 

;pT = Standard Penetration Test (ASTM D-1586)(Blows/O.Y) =~~. 
IQD = Rock Quality Designation (%) 
‘ID = Photoionization Detector 
Ipm = parts per million 

Visual Description 
Well 

Installation 
Detail 

J 
k 

u 
Elevation 
(ft.MS‘ 

DRILLING CO.: &v-t-‘&t - bM\C $ BAKERREP.: Jt ea ~\w.~~\vtwwn 

DRILLER: . Burh BORING NO.: H\ra?,S;s3% SHEET 2 
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TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R = Air Rotary C = Core PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Samp. SPT Lab PID 
(ft.) Type Rec. or 

and (ft. & RQD g. 
(Ppm) 

Well 
Visual Description Iustallation 

Elevation 

Detail 
(ft. MSL) 

No. %) 
Z.0 

2 
Continued from Sheet z 

51 _ c-c-& 2-z -4 :;ti$.\Q, I-i,?. 9 tcb 1 .? 0-d La) { 
/ -+tnr.c %:\CpF3Cf. ciay- 
.4 

52 37.0 . .__~ _-..-.z. ._. -. ~.~-. - lOO”/ 2 
-irnC- ‘-7:-c ‘: q?Cf j, 

<;rr.y-,.. ‘i-i-. ?c;*‘-~ /PJ h<{c, d&.ynC -. -.. -. ~.. .- ----...z.. . --.-l--- 

E/7 d or &m-~‘~y 

33 _ 
J-c : 32.a’ (5grj 

34 _ 

35 _ 
I 

6- j 

7- 

8. _ 

9- 

O- 

I- 

‘2 - 

‘3 _ 

4- 

5- 

,6 _ 

7- 

8- 

9- 

O- 

DRILLING CO.: ?wt&k - \hs&C BARER REP.: s. E. 2~\MYMQTWQV\ 

DRILLER: BORINGNO.: Mw3553Fi SHEETZOFS 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: -w--;, ;\;+q ~t\h&.l -rvT-S~+~h vvr 5ooTQIv\s -?b-R, c. 

CT0 NO.: 323 BORING NO.: t+.G’3554-A 

COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: TOP OF PVC CASING: 

1 SPOON 

I I - 
LENGTH I 2.0 I I 5.b-r I 

S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston Riser 2.0” 

Schedule 40 
PVC +3,o - \f!i.o~ 

N = No Sample 
Screen 

Schedule 40 
2.0” o ol Slot 

1 
-IS.3 -23.0 -- 

I I llci SPT 

R”dD 

Lab 
ID 
No. 

PID 

bpm> 

Depth 

w 

samp. samp. 

‘Jhe Rec. 
and (ft. & 
No. %) 

Visual Description 
Well 

Installation 
Elevation I 

Detail 
(ft. MSL) 

ma 
- 

/ 

/ 

_*_ 

; 

, 

,, 

, 

.c 

, 

/ 

, 

/ 

;: 

/ 

, 

, 

/ 

, 

, 
- 

I 
1” 
1” 
r 
r 
r 
r 

I- 

2- 

3- 

4- 

5 __ 5.C -- 

6- 

7- 

8- 

9- 

10 _ 

, 

, 

t ’ 

, 

, 

I 
, 

* 

, 

, 

L 

- 

DRILLMG CO.: -kw-att - bXdcf BARER REP.: J. E. ZI~~WwlQb4 

DRILLER: R. l3uqh BOlUNG NO.: Mt~J35554fi SHEET I OF m 
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TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R.=AirRotary ’ C = Core 
D = Denison P = Piston 

-- 
Depth 

@J 

-- 

11 _ 

12 _ 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

IS. _ 

19 _ 

!O _ 

!I _ 

!2 _ 

!3 2: 3.1 __ - 

!4 

!5 _ 

!6 _ 

!7 

!8 _ 

SXllp. 

Type 
and 
No. 

=No! 
samp 
Rec. 

W-a 
%) 

--- 

lple 
SPT 

R;D 

Lab 
ID 

No. 

FINITIOJ$j 
3PT = Standard Penetration Test (ASTM D- 1586)(Blows/O.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
pprn = parts per million 

Visual Description 

Continued f?,om Sheet 1 

! 

Well 
Installation 

Detail 

Elevation 
(fi. MSL) 

DRILLING CO.: =w>+& - b6\ cc BARER REP.: x E. &w,werwav\ 

DRILLER: I?\ RusG, BORING NO.: ~W3ss&\R SHEET 2 OF 
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TEST BORING AND WELL CONSTRUCTIO~N RECORD _ 

m 
PROJECT: 7-kntah;\~l~i, Scucd~ Iv,- 5: 4 k \:\;c fi\(l< “t\t;:‘p V\~.JV..~\ 0 c 

- 
CT0 NO.: 323 BORING NO.: - ’ tAW3554R 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

RIG: 

#%2 
SPLIT 

SPOON 
CASING AUGERS BygL 

WATER 
WEATHER DEPTH TIME 

r 
0rT.j 

DATE PROGRESS 

(FT.1 

STICK UP I I I I I 
0.f. 

I -4 

SC,’ <by) to 322.~’ 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRot;w C = Core 
D = Denison P = Piston 

N = No Sample 

Well Diam. Type 
Information 

Lat 
LD 
No 

PID 

@Pm 

samp. 

VP 
and 
No. 

samp. 
Rec. 

m-k 

Depth 

(ft.) 

5 5.a 

6- 

7 7.0 

8- 

9- 

10 10*( 

Visual Description 

I - 
r 
r 
r 
r -. 

VR 

_.--- 

--_- 
00x 

N 

DRILLING CO.: ik--t73tt - k\a\ cc BAKER REP.: J. E.. zl~~uJh,4~n 

DRILLER: p+. pk,u”>L, BORING NO.: Mbb3S54B SHEET I OF -N 



m TEST BORING AN-D WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S := Split Spoon 
T = Shelby Tube 
R-AirRotary ’ 
D = Denison 

- -- 
Depth 
m 

11 _ 

12 ___ 12. 

3- 

.4 _ 

.5 __ 1s 

!6 _ 

17 * I7 ( 

18. _ 

19 _ 

20 _ :20 ._--. 

21 _ 

22 -.u. 

23 _ 

24 _ 

1.5 ,zs. 

!6 _ 

!7 ,.c& 

!8 : 

!9 - 

10 113_a 

Sam] 
VP 
and 
No. 

Ll 

.-.. 

j-L 
-- 

I& 
SPI 

R;I 

A = Auger ;PT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
W=Wash XQD = Rock Quality Designation (%) 
C = Core ?lD = Photoionization Detector 
P = Piston )pm = parts per million 

Lab 
ID 
No. 

__-.. 

--- 

,k 
. . _. 

?i 

.& 

.4 

4- 

*4 
4 I _ . . 

.4 

4 

* 4. 
4 

._...--_ 

% 

A 

DEFINITIONS 

1 

Visual Description 

I 

DRILLING CO.: Rx-t 3 tk- Ch\a\ cc BAKERREP.: 2, cq 2wawcm~~~ 

DRILLER: RI a.ksG\ BORING NO.: SHEET2OF: t4w3tj%-L\-p, 

Well 
Installation 

Detail 

Elevation 
(ft. MSL) 



; TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

Depth 
w  

31 _ 

r2 32.’ 

13 _ 

14 - 

55 _ 

6- 

7- 

8. _ 

9- 

O- 

I- 

‘2 _ 

‘3 _ 

4- 

5- 

6- 

7- 

8- 

9- 

O-+ 

I 

samp. 
Type 
and 
No. 

=NoS 
samp. 

(gi 

lple 
SPT 

R;D 

A = Auger 
W=Wash 
C = Core 
P = Piston 

-ai- 
ID 
No. 

BEFINITIONS 
SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector 
?pm = parts per million 

Visual Description 
Well 

Installation 
Detail 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Elevation 
(ft. MSL) r 

r 

r 

r 

r 

r 

T 

T 

- 

T 

T 
T 
T 
T 
m DRILLING CO.: kr6at-L -km\ Cf BAKER REP.: IKE-t z~tMvI/IcryII)a~ 

DRILLER: -P. gush BORINGNO.: MwSSS46 SHEETjOF 
II 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: TTQ,&J&J b’,\.;{q ,=&\h&\ Tlr, - ~~4LA. g.l$- y;!y&K¶;\\q -i\uya.rq,. c 

CT0 NO.: 
3 “J ‘2. BORINGNO.: - ’ vlw355c’3d 

COORDINATES: EAST: NORTH: 

ELEVATION: SURFACE: TOP OF PVC CASING: 

S = Split Spoon 
T = Shelby Tube 
R = Air Rotary 
D = Denison 

N = No Sample 

Visual Description 

DRILLING CO.: Fhr-tstrk - ldo\cc BAKER REP.: J. E z bwwiQ..Y w\%vl 

DRILLER: $2. Bu.LSL BORING NO.: s SHEET I OF 2 



PROJECT: 
CT0 NO.: 

TEST BORING AND WELL CONSTRUCTION RECORD 

LE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotixy C = Core 
D = Dcnison P = Piston 

Depth 
m 

11 _ 

12 __ l2.q 

13 _ 

14 _ 

15 _ 

16 _ 

17 _ 

18. _ 

19 _ 

!Q _ 

!l _ 

!2 _ 

!3 _ 

!4 _ 

!5 _ 

!6 _ 

!7 _ 

!8 

!9 I 

O- 

SamP 
Trpe 
and 
No. 

Rec. 
@-a 

%) 

s. 

Lab 
ID 
No. 

-_ ._-_.- 

; 
SPT = Standard Penetration Test (ASTM D- 1586)(Blows/0.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector m 
ppm = parts per million 

I’ 
Visual Description 

Well 
Installation 

Detail 

m 
Elevation 
(f-t. MS’ L- 

_ - 

DRILLING CO.: -v-v-&t - tix~\ cc BAKER REP.: J. E. 2 \~yv\c.,rvwcx\n 

DRILLER: Ru Bush BORINGNO.: Mw35s55fl SHEET 2 ollar 
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TEST BORING AND WELL CONSTRUCTION RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 

LE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary C = Core 
D = Denison P = Piston 

Depth 

uv 

11 _ 

12 i2.c __ 

13 _ 

14 _ 

15 -5 

16 _ 

17 17.1 __ 

18. _ 

19 _ 

!O -20. - 

11 _ 

12 -gg 

!3 _ 

!4 

!5 ,_iT .G 

!6 _ 

!7 z7.q 

!8 _ 

!9 _ 

;o b.c 

< 

3 

0 -- 

0 

0 .--. 

< 

0 

0 

< 

2 

samp 
Type 
and 
No. 

5-2 

s-3 

-..-.._ 

5-q 
.-- 

5-5 
--- 

3 

, 

- .__ 

, 
a -_ 

-- 

.- -. 

-- 

lpIe 
SPT 

I 

i 

i 
. ..’ 

. ..-_ 

3 

2. 
-5, 
f. 

!  

-.- 

b 
4” 
I 

-- 
I$. 
\Q 
:i -...--. 

Lab 
ID 
No. 

“..__ 

-_.-_. 

--_.. 

--- 

; 
SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
RQD = Rock Quality Designation (%) 
PlD = Photoionization Detector 
ppm = parts per million 

DRILLING CO.: Pawatt - ho\ cc BAKERREP.: J: E. -&ww&,twaim 

DRILLER: RL Bush BORING NO.: j+I\,t135 5s R SKEET 2 m 
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TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE DEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R = Air Rotary C=Core PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Samp. &imp. SPT Lab PID 

@pm) 
Well 

Visual Description Installation 
Elevation 

Detail 
(ft. MSL) 

5 
Continued from Sheet z 

SQt.lcl, fx’-Q y-L;\hP A> 

.i 
It-. S:lf Cro,eE cia 
Shell LdQPx%!-~.&& 
yrrr y ./c,v 1. J Q .__ __-.. _...._ -.-_ . -..-_-*__- _-._ p-y-i-> s.~L.-5~< n 3,‘ i: 

13 _ 
Eb.&. sf ~&aj _ 

14 _ 
-y-Q,: 3 -iLa’ CG”yq 

!5 _ 

6- 

7- 

8. _ 

9- 

O- 

I- 

‘2 _ 

‘3 _ 

4- 

5- 

:6 _ 

7- 

8- 

9- 

O- 

DRlLLMG CO.: ? O.ttakk- bhQ\c BAKERREP.: J. E. ‘Zwvwwwcw 

DRILLER: R * IsAsh BORING NO.: nti3555 F, SHEET3OF3 



COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

S = Split Spoon 
T = Shelby Tube 
R=AirRota.ry 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Depth 

(ft.) 

5 5.c 

6- 

7 7.c 

8- 

SamP 
TYPe 
and 
No. 

N = No Sample 

Sami 
Ret 
(ft. c 

%) 

SPT 

R;D 

Lab 
ID 
No. 

PID 

@pm) 

Screen 2.0” 
Schedule 40 1 
0.01 Slot -\S*a -25;,0 

Well 
Visual Description Installation 

Elevation r 

Detail 
(ft. MSL) 

Match to Shee 



m TEST BORING AND WELL CONSTRUCTION RECORD 

DEFINITIONS 
;pT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
IQD = Rock Quality Designation (%) 
‘ID = Photoionization Detector 
)pm = parts per million 

S = Split Spoon 
T = Shelby Tube 
R:=AirRotary 
IJb = Denison 

A = Auger 
W=Wash 
C=Core 

P = Piston 

-- 
Depth 
m 

Lab 
ID 

No. 
Visual Description 

11 _ 

12 1z.c __ 

13 _ 

14 _ 

15 1s.c 

16 _ 

17 * \-I c 

18. _ 

19 _ 

20 -3-a: 

21 _ 

22 22.( __ 

23 _ 

24 _ 

25 x5.c 

26 _ 

27 -;z? 

28 _ 

29 _ 

30 ;@a - - 

2% 
t-t 
th 

DRILLING CO.: i&K&t - th> O\c c BAKERREP.: J, E. ~ww,~exvw~.~ 

DRILLER: R\ FtiTh BORING NO.: Mkl.)3~‘,5t&& SHEET 2 OF. 



TEST BOFUNG AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon 
T = Shelby Tube 
R=AirRotary 
D = Denison 

Depth 
m-) 

I1 _ 

,2 32.~ 

3- 

14 34’ 

15 _I 

6- 

7- 

8 _ 

9- 

O- 

l- 

‘2 _ 

‘3 _ 

4- 

5- 

,6 _ 

7- 

8- 

9- 

0. 

I 
SZUllp. 

Trpe 
and 
No. 

5-L 

5-l 

A = Auger 
W=Wash 
C = Core 
P = Piston 

Lab 
ID 

No. 

Tic- 
bpPm) 

S 
IF 

i 

E 

F 

PEFINITIONS 
IPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) r 
1QD = Rock Quality Designation (%) 
‘LD = Photoionization Detector 
,pm = parts per million 

r 
-.- 

Well 
Visual Description Installation 

Elevation 

Detail 
(fi. MSL) r 

DRILLING CO.: 30 r wJ.tt - km\ c f BAKER REP.: JTE. 2IvM M.IcLtn?d k7 111 

DRILLER: R* BiA:,h BORINGNO.: MbJ35’ 8 .A0 SHEET?,OF 
ms 



TEST BOFUNG AND WELL CONSTRUCTION RECORD 

PROJECT: ~.(TQ.t:ab;\;‘c\( Y&i& y  -r d. lp%. * -~;\,t& f.vJ. ~~*~.~-‘SkKJ p\Llbvs % * 
CT0 NO.: 337 BORINGNO.: ’ * b+J3,55lB 

COORDMA.TES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

-- 

:- 

Well Diam. Type Top Bottom 
Information Depth Depth 

(fi-1 uv 

Riser 2.0” 
Schedule 40 
PVC +3,0 - \l,O 

Screen 2.0” 
Schedule 40 
0.01 Slot -\l,O -2‘1,c 

S = Split Spoon A = Auger 
T = ljhelby Tube W=Wash 
R = ,4ir Rotary C = Core 
D - Denison P = Piston 

N = No Sample 

--- 

SPT 

R”dD 

Lab 
ID 

No. 

PID 

@pm) 
samp. 

TYPe 
and 
No. 

Depth 

(fi-) Visual Description 
Well 

Installation 
Detail 

Elevation 
(ft. MSL) 

l- 

2- 

3- 

4- 

5 5.< 

6- 

7 7, c 

8- 

9- 

10 lo.s 

_-- -_._.- 
h)ob( 

5- \ e--- .4- 
2d' 6 

-__ -- 

d -4 
6 

--- ./’ 

5-2 4/4 Match to Sheet 2 , 

DRILLING (CO.: %Y Y .c?t t, -- 6x10\ cc BAKERREP.: J, I$ 2 ‘. , \~~vL?C!.~uv\~L-, 

DRILLER: ), I ‘y h BORING NO.: Mbd.?f55-i 8 SHEET 1 OF3 

- 

- 

-- 

:- 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE 
S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R=AirRotary ’ C = Core 
D = Denison P = Piston 

Depth 
(W 

11 _ 

12 I&t 

13 _ 

14 _ 

15 \S.f 

16 _ 

17 17s 

18. _ 

19 _ 

20 ,a 

21 _ 

22 z-2. 

23 _ 

24 _ 

25 zS. 

26 _ 

27 22 

28 _ 

29 _ 

30 .30.# 

samp. 
TYPe 
and 
No. 

l& 
SPT 

R& 

i 
-- 

---- 
I 
-2 
r, 
-2 

5 -_ 

-__- 
7 
IQ 

\7 

1s 

Lab 
ID 

No. 

- -_ 

-- 

_-- 

DEFINITIONS 
m 

SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
RQD = Rock Quality Designation (%) 
PID = Photoionization Detector i 

ppm = parts per million 

DRILLWG CO.: P*Yra&- tib\$c 

DRILLER: 



TEST BORING AND WELL CONSTRUCTION RECORD 

SAMPLE TYPE PEFINITIONS 
S = Split Spoon A = Auger SPT = Standard Penetration Test (ASTM D-1586)(Blows/0.5’) 
T = Shelby Tube W=Wash RQD = Rock Quality Designation (%) 
R = Air Rotary C = Core PID = Photoionization Detector 
D = Denison P = Piston ppm = parts per million 

N = No Sample 
Depth Samp. Samp. SPT Lab PID 
(ft.) Type Rec. or m @pm) 

Well 
Elevation 

and (ft.& RQD No. 
Visual Description Installation 

(ft. MSL) 
No. %) 

Detail 

\,a ic3 Continued from Sheet s _ ““; 5: ,T: 
jl _ 

“4, , ..;, 
cj-& d%O : -9 

sfl@.j,o, g-a’*@- 3raL\Qd, cr. ;tr:, >.:‘.- 5-G-J 

-4 
5:tt, tc, Cl&\f, tc. Z(,P(i --.; 
i3.J Q ie r,‘O /. 

1.. / -, 
cwem;Sh q Pay/ -$;-:; :it- ?o-‘-w 

$2 320 qry,/; 10 "--- _II* ~-.. _- --.-_ -.._.-.. .._..... wh;Aa, mowdb- &.q &,-sap L',: -.-.._-...-...- ._______ -..- 5-L .,_- .i; .._-.- . . 
GAcl 

(3 _ 
oc t-&,&q 

!4 _ 
-ml: 32d (bya) 

$5 _ 

6 -- 

7- 

8 _ 

9- 

O- 

I- 

‘2 _ 

'3 _ 

4- 

5- 

,6 _ 

7 

8 

3- 

9 

0 

DRILLINGCO.: -!&watt- (r3c&? 

DRILLER: R. E&,.~‘*JI 

BAKER REP.: T’&. 3~ i.w~rvw~~ 

BORINGNO.: Mb\3SS7R SHEET3OF3 
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TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT: --kz.cL~~~~\;~.r s+udv T-m- s&A M;r S\?cL~Q~cn9 P\ CC 
CT0 NO.: 323 BORINGNO.: - ’ h”z%F?8 
COORDINATES: EAST: NORTH: 
ELEVATION: SURFACE: TOP OF PVC CASING: 

RIG: 

HAMMER WT. 140 Ibs. I I I I I 

1 

SAMPLE TYPE Well 
Information 

Diam. Type Top Bottom ~ 
Depth 
uv 

2.0” Schedule 40 
PVC t3.0 -21 .Q 

2.0” Schedule 40 
0.01 Slot -21.0 -31.0 

S = Split Spoon 
T = Shelby Tube 
R-AirRotary 
D = Denison 

A = Auger 
W=Wash 
C = Core 
P = Piston Riser 

Screen 
N = No Sample 

sy 
Ret 

(ft. c 
%) 

I Well 
Installation 

Elevation 
(ft. MSL) 

r 
Detail 

L 

__. 
s-2 -4/(4 

DRILLING CO.: Tkwa tt - tKva\CC BAKER REP.: J. E. 2w+vmerwAkV\ 

DRILLER: P. RusL, BORING NO.: Hw3558B SHEET I OF ti 

Depth 
(ft.) 

samp. 

Tme 
and 
No. 

SPT 

R”dD 

PID 

@pm) Visual Description 

3- 

4- 

5 5.c 

6- 

7 7. ‘ 

8- 

9- 

IO l0.c 

_ --. 

-- 

to s.a’ (bq5) 



TEST BORING AND WELL CONSTRUCTION FtECOIiD 

PROJECT: 
CT0 NO.: 

SAMPLE TYPE IWW’WI’IONS 
SPT = Standard Penetration Test (ASTM D-1586)(Blows/O.5~) 
RQD = Rock Quality Designation,(%) 
PID = Photoionization Detector 

S = Split Spoon A = Auger 
T = Shelby Tube W=Wash 
R.=AirRotary ’ C = Core 
III = Dcnison P = Piston 

lole 

1 
1 

I 

1 

; 

-.~ .- 

_. 

ppm = parts per million 
r q No Si 

samp. 

(Ei 
%) 

I : $.. 
2tc.l 

90% 

Depth: 
m 

11 _ 

12 1z.c 

13 _ 

14 _ 

15 r5 ( * 

16 _ 

17 * r7 c 

18. _ 

19 _ 

20 -:*23 

21 _ 

22 i?2 < % 

23 _ 

24 _ 

25 ‘2s 

26 _ 

27 :27~ 

28 _ 
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